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1.0 INTRODUCTION 

1.1 BACKGROUND 

Numerous studies indicate that the most pervasive 
sources of noise in our environment today are those associated 
with transportation(Ref. 1-10}. Transportation agencies have 
routinely measured noise levels for proposed highway projects 
since the issuance of Federal Highway Administration (FHWA) 
Policy and Procedure Memorandum (PPM) 90-2, "Noise Standards 
and Procedures" in 1973. The only formal training for these 
measurements was given as part of FHWA's "Fundamentals and 
Abatement of Highway Traffic Noise", training course. 
course taught a hand-sampling method using a sound level meter 
to determine the statistical descriptor L10 (noise level ex- 
ceeded 10 percent of measurement period.) PPM 90-2 was revised 
in 1976 as Volume 7, Chapter 7, Section 3 of the Federal-aid 
Highway Program Manual (FHPM 7-7-3). A new sound level de- 
scriptor, the energy-equivalent sound level, Leq(h) was 
introduced. In addition to these general existing noise level 
measurements, needs developed for more specialized procedures, 
such as determination of noise barrier effectiveness, reduction 
of outdoor sound inside a building, and levels of individual 
vehicles. 

The 

In the past, the methods used for these and other 
measurements varied widely. The lack of uniformity often resulted 
in data being collected incorrectly or.in a manner that made com- 
parison difficult from study to study. 

This document represents a revision of an interim report 
of the same title prepared by Dames & Moore, Inc. (Report 
No. FHWA-DP-45-1) and published in May 1978. The major changes are 
the incorporation of two subsequently issued FHWA reports that 
expanded upon chapters 4 and 5 of the interim report.* In 
addition, newer data sheets have been added where appropriate. 

This revised report provides uniform noise measurement 
procedures for use by Federal, State, or local transportation 
agencies. While it is not a standard, regulation, or requirement, 
its use is encouraged and recommended. 

positions for the exterior microphone, and a note on data loggers 
for personal noise exposure was added to chapter 9. 

- 

Chapter 8 has also been revised to allow alternative 

*Reagan, J.A. Determination of Reference Energy Mean 
Emission Levels. FHWA, Report No. FHWA-OEP/HEV-78-1, 
Washington, D.C., 1978. 

Reagan, J.A. and Hatzi, P.J. Determination of Noise 
Barrier Effectiveness. FHWA, Report No. FHWA-OEP/HEV 
80-1, Washington, D.C., 1980. 
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1.2 PURPOSE AND SCOPE 

The purpose of this document is to provide functional, 
rational and cost-effective noise measurement procedures. The 
data acquired by different individuals using these procedures 
should be comparable. These procedures establish a desired 
level of accuracy and precision. 

These techniques may also be used to provide input 
data for "calibration" of various traffic noise preqiction 
models. The vehicle noise emission measurement procedure can 
provide emissions levels for vehicles specific to the region 
in which the measurements are being made. The traffic noise 
measurement procedure can be used at various distances from a 
roadway to establish a propagation constant specific to a site's 
terrain. Thus, the ability to accurately predict future highway 
noise emissions can be improved. 

Noise measurement methods are provided for the fol- 
lowing areas : 

oTraffic/Existing Sound Levels 
.Vehicle Sound Levels 
.Barrier Field Insertion L o s s  
~Non-Traffic Noise Sources 
.Construction Equipment Noise 
.Building Noise Reduction 
.Worker Noise Exposure 

1.3 ORGANIZATION 

The manual is divided into two major segments plus an 
Appendix. Chapter 2.0 presents information regarding personnel 
requirements, instrumentation and equipment and other items com- 
mon to the measurement procedures presented in this manual. 

Chapters 3.0 through 9.0 contain the noise measure- 
ment methods listed in Section 1.2. 

Methods to measure existing sound levels, or sound 
levels created by highway traffic, are presented in Chapter 3.0. 
The principal technique has been previously presented in 
NCHRP Report 174, "Highway Noise: A Design Guide forprediction 
and Control, l 1  and should therefore be familiar to highway 
personnel. This method presents the procedure for measuring 
the A-weighted sound level exceeded 10% of the time, LID, and 
the equivalent sound level, Le . An alternate procedure, based 
upon the proposed SAE Procedurz XJ1075 is also presented. 
alternative procedure is simpler to accomplish but provides o n l y  
an estimate of the equivalent sound level. Both techniques have 
been field tested over the past few years, and show good agree- 
ment with sophisticated analyses of the environmental noise us- 
ing tape recording equipment and statistical analyzers. 

The 

2 



Chapter 4.0 includes methods for the measurement of 
noise emissions of individual vehicles operating on thorough- 
fares. The technique is similar to the one presented in the 
Department of Transportation Bureau of Motor Carrier Safety 
Regulations for Enforcement of Motor Carrier Noise Emission 
Standards. Measurements of individual vehicle sound emis- 
sions can be used to calibrate highway noise prediction models. 
Statistical requirements for determining the number of samples 
in each vehicle class are included. 

A technique fQr determining highway noise barrier in- 
sertion loss is described in Chapter 5.0. 'Three alternatives 
f o r  obtaining sound levels at an area without a barrier for 
comparison with the sound levels at the area with a barrier are 
discussed. 

Techniques for measuring the noise emissions of 
sources other than highway traffic are presented in Chapter 6.0. 
The technique for the measurement of the equivalent A-weighted 
sound level of stationary sources is similar to the proposed 
SAE Procedure XJ1075. Techniques for measuring the sound level 
contributions from non-highway mobile noise sources such as 
boats, freight trains, or airplanes are also presented. 
techniques assume specific time-history patterns for the source 
sound levels. 
lent sound levels for the passby. 
ment can provide more accurate results, the technique presented 
is of importance since it only requires the use of an inexpen- 
sive sound level meter. 

These 

Nomograms are provided for evaluating the equiva- 
Although sophisticated equip- 

Sound levels emitted from a construction site should 
be measured 
Chapter 6.0. a noise 
measurement procedure is provided in Chapter 7.0. The method 
is based on the SAE Recommended Practice J88a and Compressed 
Air and Gas Institute (CAGI) Consensus Standards. SAE and CAGI 
techniques require a test site with numerous acoustical environ- 
mental constraints. For example, the surface between the noise 
source and microphone must be sealed asphalt with no large re- 
flecting surfaces within 30 metres (98.4 feet) of the micro- 
phone or equipment. Many construction sites do not satisfy 
these constraints. 
due to equipment other than the unit under study, are often 
quite high. The measurement method presented in this manual 
is a pragmatic, cost-effective means for successfully making 
these measurements. 
which provides measurements for new product noise level veri- 
ficiation and enforcement. 

using the stationary source technique described in 
For individual construction machines, 

In addition, sound levels at these sites, 

It is not intended to be a procedure 

Chapter 8.0 describes a technique for estimating the 
A-weighted outdoor to indoor noise reduction for a building. 
Techniques which use the existing noise of a highway or an 
artificial sound source (loudspeaker and amplifier) are 
included. 

3 



A review of t e c h n i q u e s  for  measuring highway per- 
s o n n e l  n o i s e  exposure  i s  p r e s e n t e d  i n  Chapter  9 .0 .  The recom- 
mended p r o c e d u r e  u s e s  no ise  d o s i m e t e r s .  G u i d e l i n e s  f o r  t h e  
u s e  o f  dosimeters are i n c l u d e d .  An a l t e r n a t i v e  t e c h n i q u e  U S -  
i n g  a sound l eve l  meter and t ime-motion s t u d i e s  i s  d i s c u s s e d .  

, 
Appendix A p r e s e n t s  a b i b l i o g r a p h y  of u s e f u l  ref- 

e r e n c e s ,  grouped by measurement p rocedure .  Appendix B r ep ro -  
d u c e s  P a r t  I1 of Repor t  N o .  FHWA-OEP/HEV-80-1. P a r t  I of t h a t  
r e p o r t  i s  a r e v i s i o n  of c h a p t e r  5 o f  t h e  i n t e r i m  ve r s ion  o f  t h i s  
r e p o r t ,  and  i s  p r e s e n t e d  as  t h e  new c h a p t e r  5 h e r e .  P a r t  11 
d e a l s  w i t h  d e t e r m i n i n g  p e o p l e ' s  P e r c e p t i o n  of b a r r i e r  e f fec t -  
iveness  th rough  s u r v e y i n g  t e c h n i q u e s .  Appendix C p r e s e n t s  a 
b l a n k  two-sided d a t a  s h e e t  f o r  manual sampling as d e s c r i b e d  
i n  c h a p t e r  3. 
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2 . 0  GENEIIAL RECOMMENDATIONS 

2 . 1  INSTRUMENTATION 

The p r o c e d u r e s  o u t l i n e d  i n  t h i s  manual r e q u i r e  a 
A Type 1 o r  Type 2 minimum of a c o u s t i c a l  i n s t r u m e n t a t i o n .  

sound l e v e l  meter is r e q u i r e d ,  depending  on t h e  p r o c e d u r e  and 
t h e  d e s i r e d  a c c u r a c y . *  
i s  more a c c u r a t e  and more e x p e n s i v e  t h a n  a "Genera l  Purpose"  
Type 2 sound l e v e l  m e t e r .  S p e c i f i c a t i o n s  f o r  sound l e v e l  meters  
have been e s t a b l i s h e d  by t h e  American N a t i o n a l  S t a n d a r d s  I n s t i -  
t u t e  and a re  i n c l u d e d  i n  ANSI S1 .4 -1971 ,  S p e c i f i c a t i o n s  f o r  
Sound Level  Meters. 

A " P r e c i s i o n "  Type 1 sound l e v e l  meter 

Type 1 sound l e v e l  meters s h o u l d  be used  w i t h  t h e  
microphone s e p a r a t e d  from t h e  meter by a n  e x t e n s i o n  c a b l e ,  
a c c o r d i n g  t o  t h e  F i e l d  Methods s e c t i o n  of A N S I  S.13-1971 
(R1976) ,  Methods f o r  t h e  Measurement o f  Sound P r e s s u r e  Levels. 

M a n u f a c t u r e r s '  i n s t r u c t i o n s  f o r  microphone o r i e n t a -  
t i o n  ( e i t h e r  g r a z i n g  o r  normal  i n c i d e n c e )  s h o u l d  be  c a r e f u l l y  
fo l lowed .  T h i s  w i l l  e n s u r e  maximum microphone o u t p u t  l i n e a r i t y .  

C a r e  s h o u l d  be  t a k e n  t h a t  a l l  a u x i l i a r y  equipment  are 
c o r r e c t l y  used  w i t h  t h e  sound level meter. For example,  f i l t e r s ,  
g r a p h i c  l e v e l  r e c o r d e r s ,  and h e a d s e t s  or ea rphones  s h o u l d  have 
a n  i n p u t  impedance a p p r o p r i a t e  f o r  t h e  sound level  m e t e r  o u t p u t  
impedance. O f t e n  these a u x i l i a r y  equipment  have a h i g h  i n p u t  
impedance. For maximum power t r a n s f e r  and minimum d i s t o r t i o n ,  
cables used  w i t h  t h e s e  equipment  s h o u l d  have a ma tch ing  impedance. 

~n a c o u s t i c  ca l ibra tor  p r o v i d e s  a means for  c o n d u c t i n g  
a n  o v e r a l l  sys tem check and c a l i b r a t i o n  of t h e  
C a l i b r a t o r s  are  s p e c i f i c a l l y  d e s i g n e d  f o r  i n d i v i d u a l  microphone 
s y s t e m s  so  i t  i s  i m p o r t a n t  t h a t  t h e  p r o p e r  c a l i b r a t o r s  be used .  
O t h e r w i s e ,  errors )day r e s u l t  or  microphones may be pe rmanen t ly  
damaged. 

sound leve l  meter. 

The  sound level  meter r e a d i n g  i s  a d j u s t e d  t o  m a t c h  
t h e  c a l i b r a t o r  sound p r e s s u r e  l e v e l .  
sound a t  1 0 0 0  Hz, t h e  c a l i b r a t i o n  can  be accompl ished  u s i n g  any 
w e i g h t i n g  network. O t h e r w i s e ,  sound l e v e l  meters must  be ca l i -  
brated u s i n g  t h e  f l a t  o r  C-weighting network. 

C a l i b r a t o r  o u t p u t  i s  a f f e c t e d  by changes  i n  atmos- 
p h e r i c  ( b a r o m e t r i c )  p r e s s u r e .  Care must be  t a k e n  when u s i n g  
t h e  c a l i b r a t o r  a t  a t m o s p h e r i c  p r e s s u r e s  other t h a n  s t a n d a r d  
c o n d i t i o n s .  
f o r  c a l i b r a t o r  u s e  a t  a t m o s p h e r i c  c o n d i t i o n s  o t h e r  t h a n  s t a n d a r d .  

F o r  c a l i b r a t o r s  which e m i t  

C a l i b r a t o r  m a n u f a c t u r e r s  p r o v i d e  c o r r e c t i o n  c u r v e s  

*A Type 1 meter may be  used  where Type 2 is  s p e c i f i e d ,  b u t  
n o t  v i c e - v e r s a .  
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C a l i b r a t i o n  s h o u l d  be accompl ished  w i t h  t h e  sys t em 
a s  it w i l l  b e  i n  a c t u a l  u s e  ( f o r  example,  w i t h  t h e  microphone 
and  cables i n s t a l l e d ) .  Ca l ibra te  a s  o f t e n  as p o s s i b l e ,  p r e -  
f e r a b l y  before and a f t e r  t h e  measurement. I f  c a l i b r a t i o n s  
before and a f t e r  a measurement d i f f e r  by more t h a n  0 . 5  d e c i b e l ,  
t h e  r e s u l t s  shou ld  be s u s p e c t .  Usua l ly  it i s  good p r a c t i c e  t o  
r e p e a t  t h e  measurements.  The equipment s h o u l d  be checked 
a n n u a l l y  by i t s  manufac tu re r  or o t h e r  c e r t i f i e d  l a b o r a t o r y  t o  
v e r i f y  i t s  a c c u r a c y .  

I n  measurement p r o c e d u r e s  where v e h i c l e  speed  i s  
r e q u i r e d ,  t h e  " r a d a r "  i n s t r u m e n t s  s h o u l d  be cal ibrated accord-  
i n g  t o  m a n u f a c t u r e r ' s  i n s t r u c t i o n s  a t  t h e  same t i m e  t h e  sound 
l e v e l  measurement sys tem is  c a l i b r a t e d .  

The movement of a i r  around a microphone causes t u r b u -  
l e n c e  which i n  t u r n  g e n e r a t e s  u n d e s i r e d  n o i s e  a t  t h e  diaphragm 
of  t h e  microphone. T h i s  n o i s e  can  e f f e c t i v e l y  mask t h e  sound 
s i g n a l  under  s t u d y  even  though it may be i n a u d i b l e  t o  t h e  human 
ear. I n  cases where measurements m u s t  be made i n  t h e  p r e s e n c e  
of wind or  where wind g u s t s  are s u s p e c t  d u r i n g  t h e  c o u r s e  of 
measurement,  a microphone windsc reen  shou ld  a lways  be  employed. 

Windscreens are  g e n e r a l l y  e i t h e r  s p h e r i c a l  or c y l i n -  
d r i c a l  i n  s h a p e ,  made of foamed p o l y v i n y l ,  o p e n - c e l l e d  poly-  
u r e t h a n e ,  or a s i l k - c o v e r e d  g r i d .  The windsc reen  i s  a t t a c h e d  
d i r e c t l y  over t h e  microphone. They are  l i m i t e d  i n  t h e i r  
e f f e c t i v e n e s s ;  t h e r e f o r e ,  measurements shou ld  n o t  be made when 
t h e  wind speed  exceeds  1 9  km/hr ( 1 2  mph). 

O the r  equipment  which are needed t o  make t h e  measure- 
ments  p r e s e n t e d  i n  t h i s  manual i n c l u d e  a wind speed  i n d i c a t o r  
( a c c u r a t e  t o  510% a t  1 2  mph) and a s l i n g  psychrometer  f o r  

measur ing  humid i ty  and t e m p e r a t u r e .  

2 . 2  METEOROLOGICAL RESTRICTIONS 

P r o p e r  m e t e o r o l o g i c a l  c o n d i t i o n s  are  n e c e s s a r y  f o r  
a c c u r a t e  measurements .  Measurements shou ld  n o t  b e  made when 
it i s  r a i n i n g  or snowing, o r  when wind s p e e d s  exceed  1 9  km/hr 
( 1 2  mph).  Measurements shou ld  n o t  be made when road s u r f a c e s  
are w e t .  M a n u f a c t u r e r s '  recommendations f o r  a c c e p t a b l e  tempera-  
t u r e  and humid i ty  r a n g e s  f o r  equipment  o p e r a t i o n  s h o u l d  b e  fo l -  
lowed. T y p i c a l l y ,  t h e s e  r a n g e s  are  f r o m  -10°C t o  5 0 ° C  and 
from 5% t o  9 0 %  r e l a t i v e  humidi ty .  

2.3 ALTERNATIVE EQUIPMENT 

Sound l eve l  d i s t r i b u t i o n  a n a l y z e r s  measure  and 
a n a l y z e  ambient  sound f o r  long  p e r i o d s  of t i m e .  They p r o v i d e  
a s t a t i s t i c a l  d e s c r i p t i o n ,  i n  t h e  form of a h i s tog ram or  cumu- 
l a t i v e  d i s t r i b u t i o n ,  o f  t h e  t ime-vary ing  s i g n a l .  Some of t h e s e  
a n a l y z e r s  a l s o  p r o v i d e  t h e  e q u i v a l e n t  sound leve l ,  Le . The 
manual sampl ing  t e c h n i q u e s  d i s c u s s e d  i n  many o f  t h e  m%asurement 
p r o c e d u r e s  are u n n e c e s s a r y  if s t a t i s t i c a l  d i s t r i b u t i o n  a n a l y z e r s  
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are  used.  But ,  a t  p r e s e n t ,  t h e r e  are no d o m e s t i c  or i n t e r -  
n a t i o n a l  s t a n d a r d s  t o  e n s u r e  t h e i r  accu racy .  
wh ich  p r o v i d e  c u m u l a t i v e  d i s t r i b u t i o n  v a l u e s  and e q u i v a l e n t  
sound l e v e l s  are  q u i t e  e x p e n s i v e  ($2000 and u p ) .  New hand 
h e l d  Leq meters have r e c e n t l y  been i n t r o d u c e d  a t  a p r i c e  below 
$1000 .  

Those u n i t s  

For s i m u l t a n e o u s  measurements ( " B u i l d i n g  Noise 
Reduct ion"  and "Barrier F i e l d  I n s e r t i o n  Loss"), a two-channel 
tape r e c o r d e r  w i l l  be  h e l p f u l .  Both sound s i g n a l s  are reco rded  
s i m u l t a n e o u s l y  and can  l a t e r  be  ana lyzed  i n  t h e  l a b o r a t o r y  
u s i n g  a number of d i f f e r e n t  p rocedures .  
d e v i c e s ,  t h e  e n t i r e  sound level  measurement system shou ld  be  
q u a l i f i e d  p e r  SAE s p e c i f i c a t i o n s :  

When u s i n g  r e c o r d i n g  

SAE Draf t  P rocedure  XJ184a " Q u a l i f y i n g  a Sound 
D a t a  A c q u i s i t i o n  System" 

Graph ic  l e v e l  r e c o r d e r s  o r  sound l e v e l  a n a l y z e r s  
are v e r y  h e l p f u l ,  if n o t  e s s e n t i a l ,  f o r  mobi le  n o n - t r a f f i c  
s o u r c e  Leq c o n t r i b u t i o n  measurements.  

2 .4  PERSONNEL 

P e r s o n s  r e s p o n s i b l e  f o r  conduc t ing  sound level m e a -  
su remen t  tests s h o u l d  be t r a i n e d  i n  t h e  o p e r a t i o n  of sound 
level meters and shou ld  be  f a m i l i a r  w i t h  t h e  s p e c i f i c  t es t  pro- 
c e d u r e  b e i n g  used  and any c o r r e c t i o n s  t h a t  may have  t o  be 
a p p l i e d .  
f o r  c a r r y i n g  o u t  each p r o c e d u r e  are  p rov ided  i n  e a c h  p rocedure .  

Recommendations f o r  t h e  number of  p e r s o n s  r e q u i r e d  
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3.0 EXISTING/TRAFFIC SOUND LEVEL MEASUREMENT PROCEDURES 

3.1 PURPOSE 

The measurement procedures presented in this section 
can be used to establish existing sound levels at proposed high- 
way sites and to establish sound levels from traffic on existing 
highways. Major noise sources (other than traffic) are measured 
using techniques described in Chapter 6.0. 

3.2 INSTRUMENTATION 

The following instruments are required: 

Sound Level Meter (Type 2 )  
Sound Level Calibrator 
Earphones or Headphones (optional) 
Wind Speed Indicator 
Sling Psychrometer (optional) 
Windscreen 
Watch with "seconds" Display o r  Flashing Timer 
Data Sheet 
Microphone Cable (optional) 
Tripod 
Spare Batteries (optional) 

3.3 PERSONNEL 

Although it is possible for one person to carry out 
these measurements, a second person may be helpful, particularly 
when traffic counts are necessary. 

3.4 SITE SELECTION 

Land use maps may be used to identify existing noise 
sources and noise sensitive land uses. Schools, hospitals, 
and places of worship are especially sensitive to noise impact 
since these areas require quiet for communication and minimum 
disturbance of sleep. Residential areas should be included in 
a sound level survey. Sometimes one measurement site in the 
residential zone near the existing or proposed highway route 
can be used to represent the sound climate at residences along 
the route. If traffic conditions or topography vary signifi- 
cantly, noise measurements at many locations may be required. 
A number of sites should be specifically located near existing 
highways or other noise sources in the study area, while a 
number of measurement locations far from the highway will pro- 
vide data representative of the background sound levels in the 
community. 

Field reconnaissance is also extremely valuable for 
identifying and/or verifying the location of sensitive sites 
and noise sources. 
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3.5 SELECTION OF SAMPLING PERIODS 

Design noise levels in FHPM 7-7-3 are based in part 
on the design hour traffic volume. Some measurements should 
therefore be made at or near the design hour. The period with 
the highest sound levels, however, may not be at the peak traf- 
fic hour, but instead during some period when traffic volumes 
are lower, but the truck mix is higher. A l s o ,  the greatest 
change in existing sound levels, and with it potentially high 
impact, may occur during other times during the day (e.g., 
early morning hours when sleep may be interrupted). It may 
also be desirable to examine the Day-Night Sound Level [Ldn] 
and 24-hour Equivalent Sound Level [Le 2 4 ) ] .  The selection 
of the number of sampling periods shouqd be based on economic 
and potential impact considerations. 

3 . 6  MEASUREMENT PROCEDURE FOR CHECK-OFF METHOD 

The sampling program described below provides the 
sound level exceeded 10% of the time during the measurement . For highway period, Llo, and the equivalent sound level, 
noise measurements, traffic data should be col etected concur- 
rent with noise measurements. A description. of the vehicle 
classes usedforthe traffic counts is described in Section 4 . 8  
("Vehicle Noise Emissions Measurement Procedure") . 

Lfq 

1. A sketch of the measurement site should be pre- 
pared and appropriate distances and site features noted (see 
Figure 1). All information required on the data sheet should 
be entered. 

2. Mount the microphone (or sound level meter/ 
microphone combination if the microphone cannot be remotely 
mounted) on a tripod of about 1.5 metres ( 5  feet) above the 
ground and not less than 3 metres (10 feet) from any reflect- 
ing surfaces. There may be instances where measurements must 
be made at different heights (e.g., upper story of residences) 
or closer to reflecting surfaces (e.g., urban areas). If this 
is necessary, note these facts on the data sheet. 

3 .  Set the meter to "slow" response and A-weighting. 
"Slow" response allows the meter display to be read easily. If 
impulsve noise is dominant (e.g., dog barking), "fast" response 
may be preferable. Judgment should be made by the individual 
as to which response should be used. 

4 .  Calibrate the sound level meter per manufacturer's 
instructions. 

5. Record the time the measurement is to begin. 
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FIGURE 1 (CONTI NUED) . 
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6. Read t h e  A-weighted sound l e v e l  e v e r y  t e n  
seconds ,  and p l a c e  a check mark i n  t h e  a p p r o p r i a t e  box on 
t h e  da ta  s h e e t  ( F i g u r e  1). Work from l e f t  t o  r i g h t .  Note 
i f  any u n r e p r e s e n t a t k v e  sound s o u r c e s  i n f l u e n c e  t h e  measure- 
ments.  One method i s  t o  use  a l e t t e r  code f o r  d i f f e r e n t  
s o u r c e s .  I n s t e a d  of a check mark b e i n g  e n t e r e d  on t h e  d a t a  
shee t ,  a l e t t e r  co r re spond ing  t o  a p a r t i c u l a r  s o u r c e  c a u s i n g  
t h a t  sound l e v e l ,  i s  used ( e . y . ,  P - p l a n e ,  J - j e t ,  D - dog. 
Keep a r u n n i n g  t o t a l  of t h e  number of samples  on t h e  sheet. 

7. A f t e r  50 samples ,  t e s t  t h e  samples  usir .g  t h e  
method d iscussed  below. I f  t h e  saritples meet t h e  described 
c r i t e r i o n ,  t h e  measurement program is  complete .  I f  t h e  cr i -  
t e r i o n  i s  n o t  m e t ,  o b t a i n  a n o t h e r  5 0  samples  and r e p e a t  t h e  
t e s t  d i s c u s s e d  below. T h i s  w i l l  y i e l d  t h e  Ll0 sound level.  

The f o l l o w i n g  accuracy  t e s t  i s  based  upon a 
9 5  p e r c e n t  conf idence  i n t e r v a l  f o r  f 3dB error 
l i m i t s .  A s  a n  o p t i o n ,  99  p e r c e n t  c o n f i d e n c e  
l i m i t s  may be used. 

Count  down from t h e  t o p  of t h e  data  s h e e t  (and 
from l e f t  t o  r i g h t )  and c i r c l e  t h e  d a t a  samples  
g i v e n  i n  Tab les  1 o r  2 ,  depending on t h e  accu racy  
chosen.  For example, a f t e r  50 samples  have been 
recorded, t h e  l s t ,  S th , and  1 0 t h  sarrples  are c i r c l e d .  
Tnese samples  c o n s t i t u t e  t h e  L10 f l a n k e d  by t h e  
uPper and lower error l i m i t s .  I f  t h e  1st and  1 0 t h  
samples  are each w i t h i n  3 d B  of t h e  5 t h  sample,  t h e  
measurement program i s  complete .  Otherwise ,  an ad- 
d i t i o n a l  50 samples  must be o b s e r v e d  and t h e  accu- 
r a c y  t e s t  i s  r e p e a t e d  f o r  a t o t a l  of 1 0 0  samples .  
T h e  process i s  r e p e a t e d  f o r  up t o  2 0 0  samples. 

The L50 i s  de termined  i n  much t h e  sane way, t h e  
2 5 t h  sample r e p r e s e n t i n g  t h e  L50.  

8. The E q u i v a l e n t  Sound Level, Leq i s  d e f i n e d  a s :  

where L i  i s  t h e  A-weighted sound l e v e l  measured 
i n  d e c i b e l s .  

The Le can be e v a l u a t e d  a f t e r  the  L 1 o  c r i t e r i o n  is  m e t  from 
the d.a& collected on F i g u r e  1 by u s i n g  t h e  c o m p u t a t i o n a l  work- 
s h e e t  shown i n  F i g u r e  2 o r  t h e  r igh t -hand  p o r t i o n  of t h e  f r o n t  
s ide of F i s u r e  1: 

a. E n t e r  t h e  number of c o u n t s  p e r  sound l eve l  i n  
Colwm B. A d d  t h e m  t o  g e t  Sum B. 
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TABLE 1 

95 PERCENT CONFIDENCE T E S T  SAMPLE TABLE FOR Ll0 

Lower Upper L T o t a l  No. 
of Samples E r r o r  L i m i t  L O  E r r o r  Limit--  

50 1st Sample 5 t h  Sample 1 0 t h  Sample 
100 4 t h  Sample 1 0 t h  Sample 1 6 t h  Sample 
150 7 t h  Sample 1 5 t h  Sample 23rd Sample 
200 1 1 t h  Sample 2 0 t h  Sample 2 9 t h  Sample 

TABLE 2 

99 PERCENT CONFIDENCE TEST SAMPLE TABLE FOR Ll0 

T o t a l  No .  Upper Lower 
of Samples E r r o r  Limi t  L10 E r r o r  L i m i t  

50 1st Sample 5 t h  Sample 1 1 t h  Sample 
100 2nd Sample 1 0 t h  Sample 1 8 t h  Sample 
150 5 t h  Sample 1 5 t h  Sample 25th  Sample 

3 1 t h  Sample 200 9 t h  Sample _-_ .- 2 0 t h  Sample - - 

14 



FIGURE 2 .  SAMPLE L CQMPUTATION WORKSHEET eq 
A 3 C D 

L Z E L  RELATIVE RELATIVE TCTAL 
dB COU?IT SOUND ENERGY SOLTO ENERGY 

100 X 100,000 3 

39 X 79,100 = 
33 X Li3,lOO = 
97 X 50,100 - 
96 X 39,800 = 
35 X 31,503 = 
34 x 2 5 , 1 ( 5 3  I 

9 3  Y 2 0  no0 - - I - - -  - -  ._ _ _  
3 2  Y 15 ,900  il 

3 1  X 12,600 = 
93 x 10,900 * 
83 x 7 , 9 4 0  = 
8 a  X 6,310 - 

a 5. X 3 ,  L60 i 

3 4  X 2,5iO = 
63  X 2,300 5 

3 2  X 1, J 3 C  
31 X 1,260 - 
20 X 1, (500 - 

- - - 
- 

7 9  Y 793 = 

~ 73 :< 200 I 

72 f'i9 Y 

I U  X 1 LI Y = 
63 X 79.4 = 

6 7  Y 5 0  1 - o a  x 5 3 . i  = 

66 - X  3 9 . 3  = 
6 5  x 31.6 = 
6 4  X 2 5 . 1  
6 3  X 20.0 = 
0 2  X 15.9 = 
61 x 12.6 = 
60 x 10.0 
5 9  X 7 . 9 4  = 
38 X 5.31 = 
57 X 5. ' )1  = 

3.98 = 55 x 

- 

- . _  - r  

34 X 2.51 = 
53 x 2.30 = 
52 X 1.59 = 
5 1  X 1.26 = 
50 X 1.00 = 
49 x .794 = 
40 X .621 = 
4 7  X . s o 1  = 
45 X . 3 9 8  = 
45 x .j16 = 
4 4  X .25: = 
4 3  X .200 = 
42 X .139 = 
41 Y .126 = 
4 0  x . l o o  = 
39 X . a 7 9  = 
23 '< .363 = 
37 Y 950 = 
3 6  Y 71r> = 

3 .  Sum D/Suq B 
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FIGURE 2 (CONTINUED). EXAMPLE 

DATA REQUIREMENTS : 

Each sound reading must be taken a t  a standard 
t i m e  i n t e r v a l  between measurements 

Each sound level recorded is  t h e  instantaneous 
level 

STEP PROCEDURE 

1 Enter number of counts  per  sound l e v e l  i n  

2 Multiply th'e counts  i n  Column B by t h e  number 
i n  Column C and e n t e r  t h e  r e s u l t  ir! Column D. 

3 Add a l l  values  i n  Column B t o  determine Sum B, 
add a l l  values  i n  Column D t o  determine Sum D ,  
and d iv ide  Sum D by Sum B. 

mately equal  t o  Sum D/Sum B. The corresponding 
value i n  Column 

Column B. 

4 Locate the  value i n  Column C t h a t  is approxi- 

A is  equal  t o  Leq. 

EXAMPLE 

Given t h e  d a t a  i n  F igure  1, compute L 
(below, l e f t )  and us ing  t h e  r igh t -han8qs ide  of F igu re  1 
(below r i g h t ) .  

u s ing  F igure  2 

x B C 0 

SOtTND 
LZWL RSLATIVE RELATIVE TCTAL 
dB COWT SOUND ENERGY SOLID ENERGY 

* * &"" & e0 7 

X 794 I 

78 I X 631 I G 5 f  
I X 531 a fQ r! 

76 3 X 398 = I /  ?Y 
75 A X 316 74 X 251 - p (I 
i3 a < 200 = &a 0 

. 
I 

X a 
x 
X i. 

Y 

63 20.0 i. 6 0  - 3 .  X 
6 2  3 X 15.9 a 4 7.7 

50 10.0 I 

39 X 7.94 = 
28 I X 5.31 = 6 # 3 /  
il Y 5 . ~ 7 7 1  a 

a X 

C C  Y 7 9 R  a 

1. S u m B  
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b. M u l t i p l y  t h e  c o u n t s  i n  Column B by t h e  number i n  
Column C and e n t e r  t h e  r e s u l t s  i n  Column D. 

c. A d d  a l l  v a l u e s  i n  Column D t o  d e t e r m i n e  Sum D. 

d. D iv ide  Sum D by Sum B. 

e. Loca te  t h e  v a l u e  i n  Column C t h a t  is a p p r o x i -  
m a t e l y  e q u a l  t o  Sum D/Sum B. The c o r r e s p o n d i n g  
v a l u e  i n  Column A approx ima tes  Leq. 

9.  Recheck c a l i b r a t i o n .  

3 . 7  MEASUREMENT PROCEDURE FOR REPRESENTATIVE SOUND LEVEL 

An a l t e r n a t i v e ,  less complex p rocedure  which o n l y  

1. A s k e t c h  of  t h e  measurement s i t e  s o u l d  b e  p r e -  

A l l  i n f o r m a t i o n  r e q u i r e d  on t h e  d a t a  s h e e t  shou ld  be e n t e r e d  
(see F i g u r e  3 ) .  

p r o v i d e s  e q u i v a l e n t  sound l e v e l ,  Leq, i s  d e s c r i b e d  below: 

a p r e p a r e d  and a p p r o p r i a t e  d i s t a n c e s  and s i t e  f e a t u r e s  no ted .  

2.  Mount t h e  microphone ( o r  sound level meter/ 
microphone combina t ion  i f  t h e  microphone canno t  be r e m o t e l y  
mounted) on a t r i p o d  a t  a h e i g h t  of abou t  1 . 5  metres ( 5  fee t )  
above t h e  ground and n o t  less t h a n  3 metres (10 f ee t )  from any 
r e f l e c t i n g  s u r f a c e s .  There  may be  i n s t a n c e s  where measurements 
must be  made a t  d i f f e r e n t  h e i g h t s  (e .g . ,  upper  s t o r y  of r e s i -  
d e n c e s )  o r  c l o s e r  t o  r e f l e c t i n g  s u r f a c e s  ( e .g .  u rban  a r eas ) .  
I f  t h i s  i s  n e c e s s a r y ,  n o t e  t h e s e  f a c t s  on t h e  d a t a  s h e e t .  
Ca l ib ra t e  t h e  sound level  measurement sys tem.  

a .  S e t  t h e  sound level meter t o  t h e  A-weighting 
network and " s l o w "  r e s p o n s e .  

b. Observe t h e  sound l e v e l  m e t e r  d u r i n g  a . 
1 0  _+2 second sampl ing  p e r i o d  a t  t h e  s tar t  
of e a c h  minu te  and h a l f  minu te  and n o t e  t h e  
maximum v a l u e  e a c h  p e r i o d ,  LA, on da t a  s h e e t  
(see F i g u r e  3 ) .  Take 6 0  r e a d i n g s .  

3 .  Determine t h e  a r i t h m e t i c  a v e r a g e  sound level  
LA as:  

LA = - 1 
n 

(L1+L2+L3+L4+ . . . . L n )  

where L1, L2,  ... L, are  t h o s e  sound l eve l s  t h a t  
f a l l  w i t h i n  a r a n q e  of from 6 d e c i b e l s  less t h a n  
t h e  maximum l e v e l  t o  t h e  maximum level  (e .g . ,  i f  
maximum i s  7 0  dB, a l l  l e v e l s  from 6 4  dB t o  and 
i n c l u d i n g  70  dB are u s e d ) .  

n i s  t h e  number of  LA v a l u e s  used f o r  computing 
t h e  a r i t h m e t i c  ave rage .  
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FIGURE 3. SAMPLE SOUND LEVEL MPOSURE DATA SHEET 

I n s t r u c t i o n s :  

1. C a l i b r a t e  sound l e v e l  meter u s i n g  a c o u s t i c  c a l i b r a t o r .  
2. I n s t a l l  windscreen ,  s e l e c t  A-weighting network,  select  ''slo~,~'' response .  
3. Observe f o r  10 22 seconds  a t  t h e  start of each  minute  and 1 / 2  minute  

4. 
f o r  30 minutes .  

Record maximum read ing  LA d u r i n g  each 10 +2 second p e r i o d .  

Determine 

LA 

Ar i thme t i c  Average EA 
Remarks 

1. 
2. 

13. 

30. 

31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 

LA Remarks 

SUM: * 
*Consider f o r  t h e  sum on ly  t h o s e  v a l u e s  w i t h i n  6 dB of t h e  m a x i m u m  v a l u e  obse rved .  
- 

Leq LA = Sum/n: 11/60 Cor rec t ion  
(Table  3) 

Loca t i on Date Time 
Kind V e l o c i t y  mph. Temperature O F  Engineer  
Remarks 

Sketch  s i t e  on reverse s i d e  of Data Sheet .  
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FIGURE 3. SAMPLE SOUND LEVEL EXPOSURE DATA SHEET (cont.) 

I n s t r u c t  i o n s  : 

1. C a l i b r a t e  sound level meter u s i n g  a c o u s t i c  c a l i b r a t o r .  
2. I n s t a l l  windscreen ,  s e l e c t  A-weighting network,  s e l e c t  "slow" response .  
3. Observe for 1 0  22 seconds  a t  t h e  s ta r t  of each minute  and 1 / 2  minute  

4. 
f o r  30 minutes .  

Record maximum r ead ing  LA d u r i n g  each  1 0  t2 second p e r i o d .  

Determine 

LA 

1. 7" 
3. 2 w  -e 
4. 7-> 
5. 5-L 
6. ? i  
7. ?Y 
8- I 4 Y 

9. 62 
10. </ 
11. L q  
12. 7 2  
13. 7L 
14. -I/ 
15. 
16. /:+ 
17. (J 4 
18. 7' 
19. 71 
20. 7'; 
21. 77 
22. 61 
23. -7 
24. ?L 

25. 7< 
26. CJ 
27. 73 
28. . GC/ 

A r i t h m e t i c  Average LA 
.Remarks 

J 
- 

J 

L A  

9 1  7t 

Remarks 

;;: +-- J 
33. I;< 
34. l - 5  
35. b y ,  
36. ?L 

37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 

J 

SUM:* 7 5 7  r? =/L' 

*Consider f o r  t h e  sum o n l y  t h o s e  v a l u e s  w i t h i n  6 dB of t h e  maximum 

-w - 
LA = Sum/n: 7c.3 11/60 6' 7 C o r r e c t i o n  

(Table  3) 

v a l u e  observed.  

Remarks 

Sketch  s i te  on reverse s i d e  of Data Shee t .  
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TABLE 3 

Corrections to LA to Obtain Leq 

n/60 

.8 to 1 

. 7  to .8 

.6  to .7  

.5 to . 6  

. 4  to . 5  

. 3  to . 4  

. 2  to . 3  

< . 2  

Correction - dB 

0 

1 

2 

3 

4 

5 

7 

10 

where n is the number of samples used 
in the calculation of LA 

- 
Leq = LA - correction 



4.  Apply t h e  c o r r e c t i o n s  shown i n  Tab le  3 t o  o b t a i n  
t h e  e q u i v a l e n t  sound l e v e l ,  Leq. 

3.8 DAY-NIGHT SOUND LEVEL CALCULATIONS 

Day-night sound levels can  be  o b t a i n e d  u s i n g  one  of  
t w o  sampling p r o c e d u r e s .  One p r o c e d u r e  r e q u i r e s  t h a t  equ iva -  
l e n t  sound levels,  Leq, be  o b t a i n e d  f o r  each  hour  of t h e  
24 hours  and t h e n  energy-averaged.  The o t h e r  p r o c e d u r e  i s  a 
minimum sampl ing  scheme which u s e s  e n e r g y  a v e r a g e  v a l u e s  of 
sound level fo r  r e p r e s e n t a t i v e  p e r i o d s .  

3 . 8 . 1  Hourlv Sound Level  Measurements 

To d e t e r m i n e  Q n  from h o u r l y  measurements ,  

1. Add 1 0  dBA t o  each h o u r l y  Leq from 2200  hour s  t o  
0700 hour s  ( n i g h t t i m e ) .  

2 .  Determine t h e  number of h o u r s  r e p r e s e n t e d  by each  
Le v a l u e  ( fo r  the n i g h t t i m e  h o u r s ,  u s e  t h e  a d j u s t e d  v a l u e s  
f r 8 m  s t e p  1 1 ,  and e n t e r  t h e s e  v a l u e s  i n  Column B of F i g u r e  2. 

3 .  F o r  e a c h  sound level band,  Column A,  m u l t i p l y  t h e  
number of h o u r s  i n  Column B by t h e  c o r r e s p o n d i n g  v a l u e  i n  
Column C. E n t e r  t h e  r e s u l t  i n  Column D. 

4. Add a l l  t h e  v a l u e s  i n  Column D t o  o b t a i n  t h e  Sum D. 
D iv ide  Sum D by 24.  Locate t h e  v a l u e  of Sum D/24 i n  Column C 
and n o t e  t h e  c o r r e s p o n d i n g  sound l e v e l  i n  Column A. T h i s  i s  
t h e  day -n igh t  sound l e v e l  Ldn. 

3 .8 .2  R e p r e s e n t a t i v e  P e r i o d  Measurements 

T h i s  minimum sound level measurement schexie r e q u i r e s  
t h a t  one  measurement be made d u r i n g  each of  t h e  p e r i o d s  shown 
below: 

N u m b e r s  of Hours 
P e r i o d  T h e  Represen ted  

Day 0700-1900 
Evening 1900- 2200  
Nigh t t ime  2200-0700  

12 
3 
9 

F i g u r e  4 i s  a g a i n  used  t o  o b t a i n  an  estimate of t h e  
day-n igh t  sound leve l ,  Ldn. 
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FIGURE 4. EXAMPLE O F  L a  COMPUTATION U S I N G  FIGURE 2 

EXAMPLE: 24-HOUR SURVEY 

Time of Dav 

0 70 0- 0 80 0 
08 00-0900 
0900-1000 
1000-110 0 
1100-1200 
1200-1300 
1300-1400 
1400-15CO 
1500-1600 
1600-1700 
1700-1800 
1800-1900 
1900-2000 
2 0 0 0-2 10 0 
2100-2200 
2200-2300 
2 30 C- 24 00 
2400-0100 
0100-0200 
0200-0300 
0 300-0400 
04 0 0- 050 0 
0500-0600 
0600-0700 

32% Hourly 

62 
64 
62 
62 
58 
56 
54 
54 
58 
66 
66 
62 
60 
58 
56 
54* 
52 * 
5i* 
SO* 
48* 
48" 
48* 
48* 
48* 

*lO-decibel penalties are a d d e d  
to these nighttime values. 

B 

66 2 
65 0 
64 2 
63 0 
62 6 
61 0 
60 2 
59 0 
58 8 
57 0 
56 2 
55 0 
54 2 

Sun? B = 24 

- I: - D - C 
7 

39.8 79.6 
31.6 
25.1 50.2 
20.0 
15.9 95.4 
12.6 
10.0 20.0 
7.94 
6.31 50.48 
5.01 
3.98 7.96 
3.16 
2.51 5.02 

Sum D = 308.66 
Sum B/Sum P = 12.86 
L b n  - - 61 dBA 
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1. E n t e r  t h e  11 h o u r s  f o r  t h e  dayt ime p e r i o d  i n  
Column B c o r r e s p o n d i n g  t o  t h e  e q u i v a l e n t  sound level f o r  t h i s  
p e r i o d .  S i m i l a r l y ,  e n t e r  t h e  4 hours  f o r  even ing  i n  Column B 
c o r r e s p o n d i n g  t o  t h i s  p e r i o d  Leq v a l u e s .  

c o r r e s p o n d i n g  t o  t h e  n i g h t t i m e  sound level  p l u s  1 0  ( L e q + l 0 ) .  
2 .  E n t e r  t h e  9 h o u r s  f o r  n i g h t t i m e  i n  Column B 

3 .  Repeat  t h e  p r o c e d u r e  d i s c u s s e d  i n  S e c t i o n  3 . 8 . 1  
t o  o b t a i n  Ldn. 
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4 .0  VEHICLE NOISE MEASUREMENT PROCEDURE 

4 . 1  PURPOSE 

T h i s  p r o c e d u r e  d e s c r i b e s  how v e h i c l e  n o i s e  e m i s s i o n  
l e v e l s  a re  measured ( p a r a g r a p h s  4 . 2  - 4 . 7 )  and how t h e  r e f e r e n c e  
ene rgy  mean e m i s s i o n  l e v e l s  a r e  c a l c u l a t e d  ( p a r a g r a p h  4 . 8 ) .  

4 .2  INSTRUMENTATION 

The f o l l o w i n g  equipment  is r e q u i r e d :  
- Sound Level  Meter (Type 1 . o r  2) - Sound Level  C a l i b r a t o r  - Wind Speed I n d i c a t o r  - S l i n g  Psychrometer  ( O p t i o n a l )  - V e h i c l e  Speed D e t e c t i o n  U n i t  ( R a d a r )  
- Windscreen - Tripod - Microphone Cable ( O p t i o n a l )  - Data Shee ts  - Watch (w/seconds d i s p l a y  - o p t i o n a l )  - Spare  B a t t e r i e s  

4 . 3  PERSONNEL 

A t  l e a s t  two p e o p l e  are r e q u i r e d  t o  c a r r y  o u t  t h e  
procedure. One p e r s o n  shou ld  m a k e  sound l e v e l  measurements ,  
and one p e r s o n  shou ld  i d e n t i f y  v e h i c l e s  and measure v e h i c l e  
s p e e d .  A t h i r d  p e r s o n  t o  r e c o r d  da t a  may be h e l p f u l .  

4 .4  TEST SITE REQUIREMENTS 

TO a c h i e v e  u n i f o r m i t y  between States  and reduce t h e  
need for  a d j u s t m e n t s  t o  measure emis s ion  l e v e l s ,  t h e  f o l l o w i n g  
t e s t  s i t e  g u i d e l i n e s  m u s t  be m e t  (see figure 5): 

1. 

2. 

3 .  

The t e s t  s i t e  s h a l l  c o n s i s t  o f  a l e v e l  open 
s p a c e  free of l a r g e  r e f l e c t i n g  surfaces, such  
as parked v e h i c l e s ,  s i g n b o a r d s ,  b u i l d i n g s ,  o r  
h i l l s i d e s  l o c a t e d  w i t h i n  30 metres ( 1 0 0  f e e t )  
of e i ther  t h e  v e h i c l e  p a t h  o r  t h e  microphone.  

The microphone s h a l l  be l o c a t e d  15 metres 
( 5 0  f e e t )  from t h e  c e n t e r l i n e  of t h e  n e a r  
t r a f f i c  l a n e  (see f i g u r e  6 ) .  

A clear  l i n e  of s i g h t  t o  t h e  roadway is r e q u i r e d  
w i t h i n  an unobscured arc  of 150 d e g r e e s  from 
t h e  15-metre ( 5 0 - f e e t )  microphone p o s i t i o n .  

I 

2 4  



’. 

, 
0 ’  .. 

k 
a, cr 
-4 
k 
V 

-4 
r.4 

25 



cn 
Y u 

c 
> > 
I 

a a 

L 

€ 
'J 

W 

m 
0 

t a 
4 oi s, - c 

i 

E 

Q) 
E 

a, 
5 
-4 
VI a 
rd 

2 
a 
a, 
& 
k 
a, w 
a, 
& 
pc 

W 

a, 
k 
7 
0-l 
-d 
Frc 

. 

26 



4 .  

5 .  

6 .  

The s u r f a c e  of t h e  ground w i t h i n  t h e  
measurement a r e a  s h a l l  be free of snow and may 
be hard  ( ~ 0 )  o r  s o f t  (a=+). 

The v e h i c l e  p a t h  s h a l l  be r e l a t i v e l y  l e v e l  ( l ess  
t h a n  2% g r a d e ) ,  smooth, d r y  c o n c r e t e  o r  a s p h a l t ,  
and f r e e  of e x t r a n e o u s  material  such  as g r a v e l .  

The e x i s t i n g  sound l e v e l  ( i n c l u d i n g  wind 
e f f ec t s )  coming from s o u r c e s  o t h e r  t h a n .  t h e  
i n d i v i d u a l  v e h i c l e  be ing  measured ( t h i s  
i n c l u d e s  o t h e r  v e h i c l e s )  s h a l l  be a t  l ea s t  
10 dBA lower t h a n  t h e  l e v e l  of t h e  t e s t  
v e h i c l e .  

4 . 5  VEHICLE OPERATION 

Cons tan t  speed t i a f f i c  o p e r a t i n g  under  cruise  
c o n d i t i o n s  ( i . e . ,  t h e  v e h i c l e s  a r e  n o t  a c c e l e r a t i n g  o r  
d e c e l e r a t i n g ) .  

4.6 MEASUREMENT PROCEDURE 

1. 

2. 

3 .  

4 .  

5. 

6 .  

7. 

Mount t h e  microphone ( o r  sound l e v e l  meter /  
microphone combina t ion )  on a t r ipod a t  a 
h e i g h t  of 1.5 metres + 16 c m  (5 feet  + 6 i n c h e s )  
above t h e  surface on w h i c h  t h e  micropEone 
s t a n d s  (see F i g u r e  8 ) .  

Locate  t h e  microphone a t  a d i s t a n c e  of  
15 metres ( 5 0  f e e t )  from t h e  c e n t e r l i n e  of t h e  
near l ane  of  t r a f f i c .  

O r i e n t  t h e  microphone p e r  t h e  i n s t r u m e n t  
m a n u f a c t u r e r ' s  s p e c i f i c a t i o n s .  

Place t h e  v e h i c l e  speed  measurement system so 
t h a t  t h e  v e h i c l e ' s  speed c a n  be measured a s  it 
p a s s e s  t h e  microphone. 

Se t  t h e  sound l e v e l  meter  (SLM) t o  " f a s t "  
r e s p o n s e  and t h e  A-weighting network. 

Observe t h e  SLM as  t h e  v e h i c l e  p a s s e s  t h e  
microphone. 

Note t h e  h i g h e s t  observed  sound l e v e l  measured 
by t h e  SLM, i . e . ,  t h e  maximum pass-by sound 
l e v e l .  T h i s  is  t h e  v e h i c l e  e m i s s i o n  l e v e l ,  Lo. 
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VEHICLE NOISE MISSION LEVELS 

--.---_-.__-_. . T i m e  Equipment 

Name Date S i t e  

a of 
Sample 

Sound 
Level 

S t d .  
Dev . 
Energy 
Mean 
Level 

S t d .  
Dev . 
Energy 
Mean 
Level 

~~~ - 
*Speed - Indicate  i f  MPH or 

Figure 8 .  

KPH **Peak Sound Level, dBA, F a s t  Response 

Sample Data Sheet for Vehicle Noise Levels 
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8 .  I d e n t i f y  t h e  v e h i c l e  by type. ( S e e  p a r a g r a p h  4.7.1 
and F i g u r e  7 f o r  d i s c u s s i o n  o f  v e h i c l e  t y p e s . )  

9 .  Measure t h e  v e h i c l e ' s  speed as  it passes t h e  
microphone. 

10 .  Record t h e  v e h i c l e  t y p e ,  e m i s s i o n  l e v e l ,  and 
speed on t h e  d a t a  sheet ( F i g u r e  8 ) .  Cont inue  
measurements u n t i l  s u f f i c i e n t  samples are  
o b t a i n e d  t o  d e s c r i b e  t h e  sound l e v e l  f o r  t h e  
r e p r e s e n t a t i v e  v e h i c l e  c lass  w i t h i n  t h e  
a c c u r a c y  d e s i r e d .  (See p a r a g r a p h  4.7.2 f o r  
d i s c u s s i o n  on t h e  number of v e h i c l e  measurements 
t h a t  a re  needed. ) 

4.7 COMPUTING THE NUMBER OF SAMPLES REQUIRED 

1. P a s t  v e h i c l e  n o i s e  e m i s s i o n  measurements have 
i n d i c a t e d  t h a t  v e h i c l e s  may be grouped i n t o  
t h r e e  a c o u s t i c a l l y  s imi l a r  classes.* These 
classes a re :  

a. Automobiles  ( A )  - A l l  v e h i c l e s  w i t h  two 
a x l e s  and f o u r  wheels  d e s i g n e d  p r i m a r i l y  
for t r a n s p o r t a t i o n  o f  n i n e  or fewer 
p a s s e n g e r s  ( a u t o m o b i l e s ) ,  or  t r a n s p o r t a -  
t i o n  o f  c a r g o  ( l i g h t  t r u c k s ) .  G e n e r a l l y ,  
t h e  g r o s s  v e h i c l e  w e i g h t  is less t h a n  
4,500 k i log rams  (10 ,000  pounds ) .  

b. Medium Trucks  (MT) - A l l  v e h i c l e s  having  
two a x l e s  and s i x  wheels  d e s i g n e d  f o r  t h e  
t r a n s p o r t a t i o n  of  c a r g o  or g e n e r a l l y  more 
t h a n  n i n e  p a s s e n g e r s .  G e n e r a l l y ,  t h e  
g r o s s  v e h i c l e  w e i g h t  is g r e a t e r  t h a n  
4,500 k i log rams  ( 1 0 , 0 0 0  pounds)  b u t  less 
t h a n  12,000 k i log rams  (26 ,000  pounds ) .  
T h i s  c a t e g o r y  c o r r e s p o n d s  t o  American 
A s s o c i a t i o n  of S t a t e  Highway and 
T r a n s p o r t a t i o n  O f f i c i a l s  (AASHTO) 
C l a s s i f i c a t i o n  2D ( s e e  F i g u r e  8 ) .  

c.  Heavy Trucks  (HT) - A l l  v e h i c l e s  hav ing  
th ree  or more a x l e s  and d e s i g n e d  f o r  t h e  
t r a n s p o r t a t i o n  of c a r g o .  G e n e r a l l y ,  t h e  
g r o s s  we igh t  is g r e a t e r  t h a n  1 2 , 0 0 0  k i l o -  
grams (26 ,000  pounds) .  T h i s  c a t e g o r y  

*Highway Noise-Generat ion and C o n t r o l ,  NCHRP Report 173 ,  
T r a n s p o r t a t i o n  Research  Board,  Washington,  D .  C . ,  1976. 
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F i g u r e  9 .  Sample Popula t ion  S i z e  For V e h i c l e  Emission Sampling 

95% CONFIDENCE 

Note:  Based on data  from " S t a t i s t i c a l  Analysis  o f  FHWA T r a f f i c  
Noise Data,"  FHWA-RD-78-64 ( D r a f t  F i n a l  Report)  J u l y  1978. 
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2, 

i n c l u d e s  AASHTO C l a s s i f i c a t i o n s  3D, 2S1, 
2S2, and 3S2 (see F i g u r e  7) , t h r e e - a x l e  
b u s e s ,  and t r a c t o r s  w i t h o u t  t r a i l e r s .  

Measurements s h o u l d  be made by v e h i c l e  type 
a t  a selected vehic le  speed and recorded on  
F i g u r e  8 .  V e h i c l e s  t r a v e l i n g  a t  speeds w i t h i n  
+5 km/h ( + 3  mph) o f  t h e  se lec ted  v e h i c l e  speed 
c a n  be i n c l u d e d  a s  p a r t  of t h e  sample i n  
computing t h e  sample s i z e  f o r  a g i v e n  speed. 
(Grouping v e h i c l e  speeds i n t o  a 1 0  km/h 
( 5  mph) wide r ange  may produce  sound l e v e l  
measurement u n c e r t a i n t y  of +1.5 d B A  a t  low 
speeds and +1.0 d B A  a t  high-speeds fo r  any  
g i v e n  v e h i c i e  c lass . )  
types i n  t h e  heavy t r u c k  c l a s s i f i c a t i o n  may be 
grouped  i n t o  one  c l a s s  f o r  a n a l y s i s .  For 
a c c u r a t e  r e p r e s e n t a t i o n  of t h e  v e h i c l e  class,  
t h e  number of measurements  for  e a c h  v e h i c l e  
c lass  a t  a selected speed is  d e t e r m i n e d  u s i n g  
F i g u r e  9 a s  fol lows:  

- 

The d i f f e r e n t  v e h i c l e  

a. Select  a c o n f i d e n c e  i n t e r v a l  ( t y p i c a l l y  
+1 d B A ) . *  - 

b. E n t e r  F i g u r e  9 w i t h  t h i s  v a l u e .  

c. Move up  from t h e  X-axis t o  where  t h i s  v a l u e  
i n t e r s e c t s  t h e  c u r v e  c o r r e s p o n d i n g  t o  t h e  
v e h i c l e  c lass  under  c o n s i d e r a t i o n .  

d .  Read t h e  c o r r e s p o n d i n g  number of samples for 
t h i s  p o i n t  from t h e  Y-axis. 

3. If fewer t h a n  t h e  required samples are  o b t a i n e d  
d u r i n g  t h e  measurement program, F i g u r e  9 c a n  
be used t o  d e t e r m i n e  t h e  a c c u r a c y  w i t h  which 
those samples o b t a i n e d  descr ibe  t h e  veh ic l e /  
speed p o p u l a t i o n .  

a. E n t e r  t h e  Y-axis of F i g u r e  9 w i t h  t h e  
number of samples f o r  a g i v e n  v e h i c l e  c lass  
a t  a selected speed. 

b. Move across t h e  graph t o  where t h i s  v a l u e  
i n t e r s e c t s  t h e  c u r v e  c o r r e s p o n d i n g  t o  t h e  
v e h i c l e  c lass  under  c o n s i d e r a t i o n .  

c. Read t h e  c o r r e s p o n d i n g  c o n f i d e n c e  i n t e r v a l  
for  t h e s e  samples from t h e  x - a x i s ,  

* A  95% c o n f i d e n c e  i n t e r v a l  of +1 d B A  means t h a t  there is a 
95-out-of-100 c h a n c e  t h a t  t h e m e a n  e m i s s i o n  l e v e l  of t h e  
da ta  is w i t h i n  + 1  d B A  of t h e  mean v a l u e  of t h e  p o p u l a t i o n  of 
v e h i c l e s  o f  t h a t  t y p e .  
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40 45 50 55 60 65 70 75 80 85 90 95 100 

SPEED (km/h) 

LEGEND: 
1. AUTOMOBILES: ALL VEHICLES WITH TWO AXLES 

AND FOUR WHEELS. 

2. MEDIUM TRUCKS: ALL VEHICLES WITH TWO AXLES 
AND SIX WHEELS. 

3. HEAVY TRUCKS: ALL VEHICLES WITH THREE OR 
MORE AXLES. 

Figure 10 .  Reference Vehicle Sound Emission Levels 
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4 .8  CALCULATION OF THE REFERENCE ENERGY MEAN EMISSION LEVELS 

There  are  s e v e r a l  ways i n  which t h e  e m i s s i o n  l e v e l /  
speed d a t a  o b t a i n e d  from t h e  f i e l d  measurements  c a n  be used 
t o  compute t h e  r e f e r e n c e  e n e r g y  mean e m i s s i o n  l e v e l s .  Any 
p r o c e d u r e  which  is s t a t i s t i c a l l y  v a l i d  is acceptable. Two 
of t h e  p r o c e d u r e s  are  d i s c u s s e d  here. 

1. C a l c u l a t i o n  of t h e  r e f e r e n c e  e n e r g y  mean 
e m i s s i o n  l e v e l s  on da ta  co l lec ted  a t  a s i n g l e  
speed (+5 km/h). Computat ion of t h e  r e f e r e n c e  
e n e r g y  mean e m i s s i o n  l e v e l  fo r  t h i s  s i t u a t i o n  

where (T)Ei is t h e  r e f e r e n c e  e n e r g y  mean- 
e m i s s i o n  l e v e l  fo r  t h e  ith v e h i c l e  c l a s s  f o r  
a s i n g l e  speed; 
- 

( L o ) i  i s  t h e  ar i thmetic  a v e r a g e  sound 
of t h e  ith c lass ;  l e v e l  

( ao)i is t h e  s t a n d a r d  d e v i a t i o n  of t h e  
e m i s s i o n  l e v e l s  of t h e  ith v e h i c l e  c l a s s  
for  a s i n g l e  speed. 

LO 

a.  Compute t h e  a r i t h m e t i c  a v e r a g e  e m i s s i o n  - 
l e v e l ,  ( L o ) i ,  f o r  t h e  ith v e h i c l e  
class.  

n 

where ( L o ) k i  is t h e  k th  measured 
e m i s s i o n  l e v e l  of t h e  ith c la s s  of 
v e h i c l e s  ; 

n is t h e  number of measured emiss ion  
l e v e l s  i n  t h e  sample. 
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*Speed - Indicate If KP or KPH **Peak Sound Lmrcl.  dM. Fast  Beaponse 0 
Notes: 1. All data between 52-58 mph used as i f  at 55 mph. 

2 2. Energy Mean Level = Mean Sound Level + 0.115(Std. Dev.) 

2 
= 70.7 + 0.115(1.58) 
= 71.0 dBA 

3. 95% confidence interval f o r  29 samples i s  - + 1.0 dBA. 

Figure 11. Example of Emission Level Determination 
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(b) Compute t h e  s t a n d a r d  d e v i a t i o n ,  ( Q ~ ) ~  , 
of t h e  ith c l a s s  of v e h i c l e s .  

n 
I \  2 r v ,  

where ( L o ) k i  i s  t h e  k th  measured 
emission l e v e l  of t h e  ith class .  

2. C a l c u l a t i o n  of t h e  r e f e r e n c e  ene rgy  mean 
e m i s s i o n  l e v e l s  on d a t a  c o l l e c t e d  ove r  a 
wide r ange  of speeds .  T h i s  t y p e  of ana ly -  
sis i n v o l v e s  c u r v e  f i t t i n g  and i s  norma l ly  
c a r r i e d  o u t  u s ing  a computer w i t h  a s t a t i s -  
t i c a l  a n a l y s i s  program ( i . e . ,  t h e  Socia l  
S c i e n c e s  (SPSS)  V e r s i o n  7.2 program f o r  
an  IBM 370 computer was used t o  d e v e l o p  
t h e  r e f e r e n c e  e n e r g y  mean emission l e v e l s  
fo r  t h e  medium and heavy t r u c k s  shown i n  
F i g u r e  10). Computation of t h e  r e f e r e n c e  
e n e r g y  mean e m i s s i o n  l e v e l s  s t i l l  uses t h e  
form: 

where is t h e  s t a n d a r d  d e v i a t i o n  of 
t h e  ith c la s s  from t h e  r e g r e s s i o n  a n a l y s i s ;  
and 

where t h e  mean sound l e v e l ,  now 
takes  t h e  form of t h e  f o l l o w i n g  e q u a t i o n :  

( L o ) i  = Ai + ( B i ) l o g ( s p e e d ) '  

where Ai and Bi are  c o n s t a n t s  computed 
i n  t h e  r e g r e s s i o n  a n a l y s i s .  
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5 . 0  BARRIER FIELD INSERTION LOSS DETERMINATION PROCEDURE 

5.1 PURPOSE 

This chapter provides procedures that can be used 
to determine the field insertion loss (IL) provided by a 
noise barrier. The field insertion loss is the difference 
in sound levels at a particular microphone location caused 
by the construction of a noise barrier. If the sound 
barrier could be constructed "instantaneously," determina- 
tion of IL would be simple. In this situation, a "before 
construction" sound level measurement would be made, the 
barrier would be "instantaneously" constructed, and an 
"after construction" sound level measurement would be made. 
The difference between the two levels would be the IL. 
Because of the time involved in building a barrier, a number 
of factors are introduced for which corrections must be 
made. These factors include changes in traffic volumes, mix 
and speed, changes in emission levels, and changes in 
terrain. The procedures presented here for determining IL 
are based upon measurements to the maximum extent possible. 

In addition to determining the IL, people are also 
concerned about the accuracy of the prediction models used 
in the barrier design. Too often the predicted IL used 
during the barrier design is compared with a measured IL 
obtained shortly after barrier construction. This comparison 
may be invalid if the predicted IL and the measured IL are 
based on .different traffic conditions. For a meaningful 
comparison, the conditions under which the measurements were 
made must be used in the prediction model. Thus, a valid 
Comparison may be made between a measured IL and a calculated 
IL. Users of these procedures are urged to use the FHWA 
Model (see FHWA Report FHWA-RD-77-108, "The FHWA Highway 
Traffic Noise Prediction Model") for these calculations. 

Procedures are provided in this chapter for 
determining field insertion loss of noise barriers for two 
cases. Case 1 (section 5 . 4 )  is for existing highways where 
"before construction" measurements can be obtained. Case 2 
(section 5 . 5  through 5.6) is for new highways or for existing 
noise barriers where "before" measurements cannot be obtained. 
Figure 12 illustrates the decision process for determining 
insertion loss as explained in sections 5 . 4  through 5 . 6 .  
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5.2 INSTRUMENTATION 

The following equipment is required:  

- Sound Level Meters (Type 1 or  2 )  - 2 - Sound Level Cal ibra tor  - Earphones or Headphones (Opt iona l )  - Speed Detect ion Dev ice  (Radar) 
- Stopwatches or Timers - 2 - Wind Speed Indica tor  
- Sling Psychrometer (Opt iona l )  - Tripod - 2 (Opt iona l )  - Data Sheets 
- Microphone Cables - 2 (Opt iona l )  - Windscreens - 2 
- Spare B a t t e r i e s  

5.3 PERSONNEL 

Two persons a r e  needed t o  make sound l e v e l  
measurements. If t h e  technique i n  s ec t ion  5 . 4  is used, 
two other  i nd iv idua l s  w i l l  be needed t o  opera te  t h e  speed 
de tec t ion  equipment and t o  count t h e  t r a f f i c .  For the  other  
two techniques,  one person may be s u f f i c i e n t  t o  count 
t r a f f i c .  Fami l i a r i t y  w i t h  t h e  FHWA Model i s  d e s i r a b l e .  

5.4 TECHNIQUE FOR DETERMINING I L  FOR E X I S T I N G  HIGHWAYS 
WHERE THE BARRIER HAS NOT BEEN BUILT 

T h i s  procedure involves simultaneous measurements 
a t  "reference" and " s t u d y  s i t e "  microphone loca t ions .  Two 
s e t s  of measurements a re  made: one s e t  before t h e  b a r r i e r  
is b u i l t ,  and one s e t  a f t e r  t h e  b a r r i e r  i s  b u i l t .  An 
adjustment is then made ( i f  necessary) t o  t h e  reference 
measurements, and the  I L  is ca l cu la t ed  by sub t r ac t ing  t h e  
" a f t e r "  measurement from t h e  adjusted "before" measurement. 

5.4.1 "S tudy  S i t e "  Microphone Location (Microphone #1) 

1. Use maps and/or f i e l d  reconnaissance t o  . 
determine the  des i red  " s t u d y  s i te"  l o c a t i o n  
for  t h e  I L  determination. 

2 .  Once the  loca t ion  is s e l e c t e d ,  e s t a b l i s h  
a base l ine .  The  base l ine  is a l i n e  
perpendicular t o  the  c e n t e r l i n e  of the 
near t r a f f i c  lane and passes  through 
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3 .  

4 .  

5.4.2. 

1. 

. 2 .  

3 .  

microphone #l .  The reference microphone 
w i l l  a l s o  be located along t h i s  base l ine .  
Record t h e  exact loca t ion  of t he  base l ine  
and microphone #1 ( d i s t a n c e  and e l e v a t i o n ) .  
Another s e t  of measurements w i l l  be made a t  
t h e  same loca t ion  a f t e r  t h e  b a r r i e r  is b u i l t .  

Microphone loca t ions  should not  be se l ec t ed  
w i t h i n  3 metres of any v e r t i c a l  r e f l e c t i v e  
su r face .  Measurements should not be taken 
a t  l oca t ions  or times where extraneous 
sounds s u c h  a s  a i r c r a f t ,  animals,  ch i ld ren ,  or 
t r a f f i c  on s i d e  s t r e e t s  could inf luence  
t h e  measurements. 

I f  a comparison w i l l  be made between the  
measured i n s e r t i o n  loss and a ca l cu la t ed  
i n s e r t i o n  loss, t h e  geometry and t e r r a i n  
between microphone #1 and t h e  roadway 
should be a s  simple and uniform a s  poss ib le .  
T h i s  w i l l  s impl i fy  t h e  input  d a t a  needed 
f o r  t h e  p red ic t ion  model. 

R e  f e r e n  c e M i c r ophone 

The reference microphone is located on the  
base l ine  determined by sec t ion  5.4.1.2. 

The l o c a t i o n ,  length ,  and e l eva t ion  of the 
proposed b a r r i e r  m u s t  be known before t h e  
reference microphone may be loca ted .  

T h e  reference microphone m u s t  have an 
unobstructed view of t h e  roadway through a 
subtended a r c  of a t  l e a s t  1 6 0  degrees.  
Once t h i s  requirement is s a t i s f i e d ,  any of 
t h ree  p o s i t i o n s  may be used. 

a .  Pos i t i on  A ( r e f e r  t o  Figure 13)--Between 
the  roadway and the b a r r i e r  provided t h a t  
the microphone is a t  l e a s t  7.5 metres from 
the  c e n t e r l i n e  of the near t r a f f i c  lane ,  
and a t  l e a s t  3.0 metres from any r e f l e c t i v e  
sur face  ( inc luding  t h e  b a r r i e r ) .  

b. Posi t ion  B ( r e f e r  t o  Figure 14)--Direct ly  
over and 1.5 metres above t h e  t op  of t h e  
b a r r i e r  ( s t i l l  be a t  l e a s t  7 . 5  metres away 
from t h e  c e n t e r l i n e  of the  near t r a f f i c  l a n e ) .  
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Microphone #1 

Proposed/Constructed Barrier ' 

Reference 
Microphone 

I 

I I  

Ropored/Constructed Barrier 

Refkrence I 
Microphone #1 Microphone ; 

t 

(b) Profile 

Figure 13. Reference Position A 
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Reference 
Microphone 

1 . h  

Microphone #1 I I 
I 

I 
Minimum 7.5m 

F i g u r e  14. Refe rence  P o s i t i o n  B 

\ 

F i g u r e  15. Reference  P o s i t i o n  C 
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~ 

4 .  

5. 

c. Position C (refer to Figure 15)--Between 
the barrier and microphone #l. The 
reference microphone must be 1.5 metres 
higher (measured perpendicular) than a 
line drawn from the near edge of the 
pavement through the top front edge of the 
barrier. 

If the measured IL is to be compared with 
a calculated IL, subsequent calculations 
will be simplified if the reference 
microphone location is exactly 15.0 metres 
from the centerline of the near lane. 

Record the precise location of the reference 
microphone on the baseline. This location 
will be used for the "after" set of measurements. 

5 . 4 . 3  Measurement and Calculations for the "Before 
Construct ion" Condition 

1. Sound Level Measurement 
Through simultaneous measurements, obtain 
sound level data at the reference microphone 
and at microphone #l. Minimum measurement 
period is 8 minutes and 20 seconds. Chapter 3 
discusses a typical manual measurement procedure. 
Determine the "before" Leq(h) at the reference 
microphone, Leq(h)i, and at microphone 
f l ,  Leq(h)A. Record these values. After 
the barrier is built, these values will be 
used to determine the measured IL. 

2 .  Traffic and Environmental Data 
Concurrently with the sound level measurements, 
the traffic data must be measured. Vehicles 
must be separated into the three classes 
shown in Figure 16. Two-axle buses go 
into the medium category and three-axle buses 
go into the heavy category. Traffic counts 
volumes must be obtained for both directions 
of flow. Obtain representative speeds for 
each vehicle class '(in both directions, if 
possible). Also, obtain information on the 
ground conditions, wind speed and direction, 
and other climatic conditions. 
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5.4.4 Measurements and Calculations for the "After 
Construction'' Condition 

It is important that this second set of measurements 
be made as soon as practical after the barrier h a s  
been completed and normal traffic flow has been 
restored. This will help minimize changes in 
traffic characteristics that could significantly 
alter the sound levels. 

1. 

2. 

3 .  

Microphone Location 
After the barrier has been built, use the 
information in sections 5.4.1 and 5.4.2 to 
establish both microphone locations in the 
field. Monitor the environmental conditions 
and, when these conditions are similar to 
those observed in section 5.4.3.2, make the 
second set of measurements. 

Sound Level Measurements 
Through simultaneous measurements, obtain 
sound level data at the reference microphone 
and at microphone 81. The minimum measurement 
period is 8 minutes and 20 seconds. Chapter 3 
discusses a typical manual measurement procedure. 
Determine the "after" Leq(h) at the reference 
microphone, Leq(h)A, and microphone #1, 
Leq( h 1 * Record these values. 

R 

Traffic and Environmental Data 
Concurrently with the sound level measurements, 
the traffic-data must be measured. Vehicles 
must be separated into the three classes shown 
in Figure 16. Two-axle buses go into the 
medium category and three-axle buses go into 
the heavy category. The traffic count must be 
according to the direction of flow. Obtain 
representative speeds for each vehicle class 
(in both directions, if possible). Carefully 
study the ground and vegetation conditions at 
the site. Record these conditions along with 
data on wind speed and direction and other 
climatic conditions . 

5.4.5 Computation of the Field Insertion Los-s 

1. Traffic Data Compare the traffic data measured 
before and after barrier construction. If 
the traffic conditions change substantially, 
the procedures in section 5.5 may be needed to 
determine the IL. 
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AUTOMOBILES MEDIUM TRUCKS HEAVY TRUCKS 

e 
(includes light trucks with four tires) 3 or more axles 2-axles, 6 tires 

All Tractor-Trailer Combinations 

Figure 16. Vehicle Type Identification 

Table 4. Criteria for Selection of Site Parameter 

Situation 

1. All situations in which the source or the receiver are 10 
cated 3 metres above the ground or  whenever the lineof- 
sight+ averages more than 3 metres above the ground. 

2. All situations involving propagation over the top of a 
barrier 3 nietres or more in height. 

3. Where the height of the line-of-sight is less than 3 
metres and 

(a) There is a clear (unobstructed) view of the high- 
way, the ground is hard and there are no inter- 
vening structures. 

(b) The view of the roadway is interrupted by iso- 
lated buildings. clunips of bushes, scattered trees, 
or the intervening ground is soft or covered with 
vegetation. 
- 

Drop-0 f f Rate 

3 dBA 
(a= 0) 

3 dBA 
(a = 0) 

3 dBA 
(a= 0) 

4.5 dBA 
(a = 1/2) 

*The l inv- f~r-s ig l~t  (IJS)  i s  I direct line between the noire rource rnd the observer. 

4 4  



2. Reference Microphone Subtract the Leq(h) 
measured after the barrier was built from the 
Leq(h) measured before the barrier was built. 

R AL = Leq(h)i - Leq(h)A 
where 

AL is the difference in the Leq(h)'s 

3 .  Microphone #1 

a. If AL is + 1 dBA or less, compute the IL 
according-to equation 2 .  

( 2 )  
IL = Leq(h)i - Leq(h)A 1 

where 

IL is the field insertion loss, 

b. If AL is 5 3  dBA or less, compute the IL 
according to equation 3 .  

( 3 )  IL = [Leq(h)i - AL] - Leq(h)A 1 
c. If AL is greater than 3 dBA, compute the IL 

according to the procedures in section 5.5, 

5.5 TECHNIQUE #1 FOR DETERMINING IL FOR NEW HIGHWAYS OR 

MEASUREMENTS) 

This procedure uses a combination of "after" 
sound level measurements and the FHWA model. Basically, a 
set of sound level measurements is made at two carefully 
selected locations. These measurements are used to cali- 
brate the FHWA model. Once the calibration is completed, a 
"before" sound level is calculated. The IL is then 
determined by taking the difference between the calculated 
"before" an@ the measured "af tern sound levels. 

5.5.1. Microphone Location 

See sections 5.4.1. and 5 . 4 . 2 .  
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5.5.2. 

1. 

2. 

5.5.3. 

1. 

2. 

3 .  

4. 

Measurement and Calculat ions Based on E x i s t i n g  
Bar r ie r  

Sound Level Measurement 
See sec t ion  5.4.4.2. 

T r a f f i c  and Environmental Data 
See sec t ion  5.4.4.3. 

Computation of the  Field Inse r t ion  Loss 

Using  t he  FHWA model, compute the ca l cu la t ed  
noise  l e v e l  a t  the  reference microphone, 

R- C 1- c Leq(h)A , and a t  microphone #1, Leq(h)* . 
Divide the  roadway i n t o  a t  l e a s t  two equiva len t  
l a n e s ,  one fo r  each d i r e c t i o n  of flow u s i n g  
t h e  t r a f f i c  da t a  obtained i n  s e c t i o n  5.5.2.2. 
Use Table 4 and/or experience t o  determine t h e  
s i t e  parameter f o r  t h e  reference microphone 
and for  microphone #l. 

Compare the  ca lcu la ted  t r a f f i c  no ise  l e v e l  
a t  t he  reference microphone, Leq(h)A 
w i t h  the  measured t r a f f i c  noise  l e v e l ,  
L e q ( h ) i .  
w i t h i n  +1 d B A ,  it can be assumed t h a t  t h e  
emission da ta  i n  FHWA model c o r r e c t l y  
represents  the t r a f f i c  for  t h i s  s i t e  and 
t h a t  t he  s i t e  around t h e  re fe rence  micro- 
phone has been c o r r e c t l y  modeled. I f  t he  
two values  do not agree w i t h i n  +1 d B A ,  
r e f e r  t o  sec t ion  5.5.3.6. 

R- C , 

I f  t h e  two values  agree 

- 

Compare the  ca lcu la ted  t r a f f i c  noise  l e v e l  
a t  microphone #1, Leq(h);-', w i t h  
t h e  measured t r a f f i c  noise  l e v e l ,  Leq(h)*. 
I f  t h e  two va lues  agree w i t h i n  +2 1 / 2  d B A ,  
it can be assumed t h a t  the  si te-has been 
c o r r e c t l y  modeled. I f  the  two va lues  do 
not agree w i t h i n  - +2 1/2 d B A ,  r e f e r  t o  sec t ion  5.5.3.6. 

Using  the FHWA model and t r a f f i c  from 
sec t ion  5.5.2.2, c a l c u l a t e  t he  noise  l e v e l  
a t  microphone #1, Leq(h);-', a s  i f  
the  b a r r i e r  has not been b u i l t .  Base the  
s i t e  parameter upon the  condi t ions  t h a t  
would e x i s t  i f  t h e r e  were no b a r r i e r .  

1 

- -- 
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I L  = 

5. 

6. 

I t  is important t o  note t h a t  t h i s  
c a l c u l a t i o n  w i l l  be complicated f o r  houses 
beyond the f i r s t  row because they w i l l  
r ece ive  some degree of sh ie ld ing  from t h e  
f i r s t  row houses. 

Compute the I L  according t o  equation 4 .  

( 4 )  
1 Leq(h)A l-c  - I L  = Leq(h)B 

If the  measured and ca l cu la t ed  values  do  
not  meet t h e  to le rance  requirements 
( +  1 dBA a t  t h e  reference microphone and +z 1/2  d B A  a t  microphone #l), l o c a t e  the  
source of the  d iscrepancies  a s  fol lows:  

a.  Check t h e  computation of the  measured Leq(h) .  

b. Check t h e  input  da t a  used i n  t he  FHWA model. 

c .  I f  t h e  to le rance  requirement i n  
s ec t ion  5.5.3.6 s t i l l  cannot be met, repea t  
t he  measurements i n  s ec t ion  5.5.2. 

d .  Repeat the  s t e p s  i n  s e c t i o n s  5.5.3.1 
through 5.5.3.3. I f  the e r r o r  p e r s i s t s ,  
compute the  I L  according t o  equation 5. 

5.6 TECHNIQUE #2 FOR DETERMINING F I E L D  I N S E R T I O N  LOSS FOR 
NEW H I G H W A Y S  OR E X I S T I N G  B A R R I E R S  ( U N S H I E L D E D  LOCATION 
ALONG THE H I G H W A Y )  

One measurement is made a t  a noise  s e n s i t i v e  s i t e  
sh ie lded  by t h e  b a r r i e r .  A second measurement is  made a t  a 
s i m i l a r  s i t e  along the  highway where the re  is  no b a r r i e r .  

Figure 17 p re sen t s  a sketch of appropr ia te  measurement 
l o c a t i o n s  and s p e c i f i e s  the geometry involved. I f  a v a i l a b l e ,  
e x t r a  microphones could be used a t  each s i t e  a t  reference 
l o c a t i o n s  a s  a check on reference l e v e l  s i m i l a r i t i e s .  

5.6.1. MicroDhone Locations 

( 5 )  

1. The microphone-to-roadway d i s t ance  fo r  
each loca t ion  m u s t  be i d e n t i c a l  - +0.5 met res ) .  
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M I  

M I  CROPHONE #1  
04 

/ 
/ 
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/ 
I 

CROPHONE #2 , ~ 7 '  
Qb' 160' o r  more I J 

E 
l 

I!!! 
-I / 0 

i 
i 

Figure 1 7 .  Microphone Locations f o r  Simulated "Before" S i t e  Method 
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2 .  T h e  ground cover between t h e  r o a d  and t h e  
microphone  a t  e a c h  s i t e  m u s t  be  s imi la r .  

3. The t o p o g r a p h y  a t  each s i t e  s h o u l d  be s i m i l a r .  

4. The number of l a n e s  and geomet ry  o f  t h e  
roadway a t  e a c h  s i t e  s h o u l d  be  i d e n t i c a l .  
Road f e a t u r e s  s u c h  as median s t r i p s  and 
g u a r d  b a r r i e r s  s h o u l d  be t h e  same a t  each s i t e .  

5 .  T r a f f i c  f l o w  c o n d i t i o n s  ( v e h i c l e / h o u r ,  mean 
v e h i c l e  s p e e d )  s h o u l d  be e q u i v a l e n t  a t  each s i t e .  

6 .  The  u n s h i e l d e d  measurement  l o c a t i o n  s h o u l d  
have  a s  g r e a t  a n  a n g l e  o f  v iew o f  t h e  
highway a s  p o s s i b l e .  An a n g l e  o f  a t  l e a s t  
1 6 0  d e g r e e s  i s  recommended. Both micro-  
phones  are  mounted on t r i p o d s  a t  a h e i g h t  
of 1 . 5  metres +16 c m  ( 5  f e e t  +6 i n c h e s )  
above  t h e  ground a t  t h e  measurement  p o i n t ,  
o r  a t  t h e  h e i g h t  of t h e  r e c e p t o r  under  s t u d y .  

5 .6 .2 .  Measurements 

1. Sound Leve l  Measurement 
Use t h e  t e c h n i q u e  p r e v i o u s l y  d e s c r i b e d  i n  
C h a p t e r  3 t o  d e t e r m i n e  L e q  a t  e a c h  micro- 
phone. C a l l  t h e  l e v e l  a t  t h e  u n s h i e l d e d  s i t e  
L e q ( h ) i ,  and t h e  l e v e l  a t  t h e  s h i e l d e d  
s i t e ,  L e q ( h ) A  1 

2.  T r a f f i c  and Env i ronmen ta l  Data 
See  s e c t i o n  5.4.3.2. 

5 .6 .3 .  Computa t ion  o f  t h e  I L  

U s e  t h e  p r o c e d u r e  desc r ibed  i n  s e c t i o n  5 . 4 . 5 ,  
l e t t i n g  t h e  u n s h i e l d e d  s i t e  r e p r e s e n t  t h e  " b e f o r e "  c o n d i t i o n  
and t h e  s h i e l d e d  s i t e  be t h e  " a f t e r "  c o n d i t i o n .  I f  t h e  
r e f e r e n c e  mic rophones  were n o t  u s e d ,  t h e  FHWA model s h o u l d  be 
u s e d  t o  compute t h e  r e f e r e n c e  l e v e l s ,  L e q ( h ) B  R and L e q ( h ) A .  R 

T h e  IL w i l l  be t h e  d i f f e r e n c e  i n  l e v e l s  a t  t h e  two mic rophones ,  
a d j u s t e d  by d i f f e r e n c e s  i n  t h e  r e f e r e n c e  l e v e l s .  
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6 . 0  NON-TRAFFIC N O I S E  SOURCE MEASUREMENT PROCEDURE 

6 . 1  PURPOSE 

T h i s  procedure i s  used t o  measure t h e  c o n t r i b u t i o n  of  
n o i s e  sou rces  ( o t h e r  than  t r a f f i c )  t o  ambient sound levels a t  
n o i s e  s e n s i t i v e  land  use  a r e a s .  Typica l  of t h e s e  n o i s e  s o u r c e s  
are r a i l r o a d  a c t i v i t y ,  a i r c r a f t  o v e r f l i g h t s ,  i n d u s t r i a l  p l a n t  
o p e r a t i o n s ,  c o n s t r u c t i o n  a c t i v i t y ,  e tc .  The A-weighted equiv-  
a l e n t  sound level  ( L  ) due t o  t h e  noise  sou rce  i s  measured a t  
t h e  n o i s e  s e n s i t i v e  f%d use  area. 
one f o r  s t a t i o n a r y  sources o f  sound and t h e  o t h e r  f o r  mobile 
sources .  

Two t echniques  are p r e s e n t e d ,  

6.2 INSTRUMENTATION 

The fo l lowing  equipment i s  requ i r ed :  

- Sound Level Meter (Type 2) 
- Sound Level C a l i b r a t o r  - Earphone/Headphone - Stopwatch - Wind Speed I n d i c a t o r  - Psychrometer - Tripod 
- Microphone Cable - Data Shee t s  
- Windscreen - Spare Batteries 

6 .3  MEASUREMENT LOCATIONS 

Measurements are made a t  n o i s e  s ens i t i ve  l a n d  uses  i n  
t h e  v i c i n i t y  of  a proposed highway, or  a t  n o i s e  s e n s i t i v e  land  
uses  a long  an e x i s t i n g  r o u t e .  The l o c a t i o n  should be chosen so 
t h a t ,  i f  p o s s i b l e ,  n o i s e  sou rces  o t h e r  t han  t h e  one b e i n g  m e a -  
s u r e d ,  have minimum i n f l u e n c e  on measurements. 

6 . 4  PERSONNEL 

The procedure can be accomplished by one person.  

6.5 MEASUREMENT PROCEDURE 

1. Mount t h e  microphone (or  sound level  meter/micro- 
phone combination i f  t h e  microphone cannot  be remotely mounted 
on a t r i p o d  a t  a h e i g h t  o f  1 . 5  metres k 1 6 c m  (5 f e e t  ? 6  inches)  
above t h e  ground, and i f  p r a c t i c a l ,  a t  l e a s t  3 metres (10 feet)  
f r o m  any s u b s t a n t i a l  r e f l e c t i n g  s u r f a c e  (e.g., b u i l d i n g s ,  
vehicles, b i l l b o a r d s )  . 
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2 .  Sketch t h e  measurement l o c a t i o n s ,  w i t h  s i te  fea -  
t u r e s  and dimensions,  on t h e  back of t h e  d a t a  s h e e t  (F igu re  1 8  
or  1 9 )  t o  provide  a record  which can be used i f  f u t u r e  measure- 
ments are r e q u i r e d .  The ske tch  should be of s u f f i c i e n t  d e t a i l  
t o  permi t  f u t u r e  measurements a t  t h e  same l o c a t i o n .  

6.5.1 S t a t i o n a r y  Sources 

For s t a t i o n a r y  sources  of n o i s e  (e .g . ,  c o n s t r u c t i o n  
a c t i v i t y ,  i n d u s t r i a l  a c t i v i t y ) ,  the  fo l lowing  procedure is  used: 

1. 

2. 

3 .  

4 .  

5. 

6. 

S e t  t h e  sound l e v e l  meter t o  t h e  A-weighting 
network and " s l o w "  response.  

Observe t h e  sound l e v e l  meter du r ing  a 1 0  k 2  second 
sampling per iod  a t  t h e  s t a r t  of each minute and 
h a l f  minute and no te  maximum va lue  
on d a t a  sheet. 

i n  each pe r iod  

I f  t h e  source i s  i n t e r m i t t e n t  (e .g .  o p e r a t e s  for  
15 minutes and then  i s  o f f  f o r  1 0  minutes)  d i s -  
regard  p e r i o d s  when t h e  source  is n o t  o p e r a t i n g  
b u t  cont inue  t o  sample u n t i l  60  samples are 
acqui red .  

Disregard measurements  a f f e c t e d  by i n t r u s i v e  n o i s e  
sou rces  other than  the  i d e n t i f i e d  n o i s e  source .  
Extend t h e  number of h a l f  minute obse rva t ions  f o r  
more than  30 minutes u n t i l  60 v a l i d  measurements 
are ob ta ined .  

- Determine t h e  a r i t h m e t i c  average sound l e v e l  
L~ as: 

- 
n (L,+L,+L,+L,+ ....... Ln)  

where  L , ,  L, ,  .. ... Ln are those sound levels  
t h a t  f a l l  w i t h i n  a range of from 6 d e c i b e l s  
less than  t h e  maximum l e v e l  t o  t h e  maximum 
l e v e l  (e .g . ,  i f  maximum i s  70 d B ,  a l l  l e v e l s  
from 6 4  dB t o  and i n c l u d i n g  70 dB are u s e d ) .  

n i s  t h e  number of LA va lues  used f o r  comput- 
i n g  t h e  a r i t h m e t i c  average.  

Apply t h e  c o r r e c t i o n s  shown i n  Table 5 t o  o b t a i n  
the  e q u i v a l e n t  sound l e v e l ,  L 

Measurements should  be made wi thout  t h e  sound 
source  o p e r a t i n g  t o  determine background ambient 
sound l e v e l s  u s ing  t h e  procedure p re sen ted  i n  
S t e p s  1-5. 

eq - 
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FIGURE 18. SAMPLE SOUND LEVEL EXPOSURE DATA SHEET - 
STATIONARY SOURCES (ALTERNATIVE #l) 

I n s t r u c t i o n s :  

1. C a l i b r a t e  sound level se te r  using a c o u s t i c  c a l i b r a t o r .  
2.  I n s t a l l  windscreen,  select A-weighting network, s e l e c t  "slow" response .  
3 .  Observe f o r  1022 seconds a t  t h e  s t a r t  of each n i n u t e  and 1/2 minute 

4 -  
f o r  30 minutes .  

Record maximum reading LA during each 10  k 2 second per iod .  

Determine Ar i thme t i c  Average EA 

1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8. 
9. 
10. 
11. 
1 2 .  
13. 
1 4 .  
15. 
16. 
17. 
18. 
1 9 .  
20. 
21. 
22.  
2 3 .  
24. 
2 5 .  
26.  
2 7 .  
28 .  
2 9 .  
30.  

Remarks LA Remarks 

31. 
32 .  

3 4 .  
35. 
3 6 .  

3 3 .  - 

3 1 .  

38.  
3 9 .  
4 0 .  
41. 
42.  
4 3 .  
4 4 .  
45 .  
46. 
4 7 .  
4 8 .  
49 .  
5 0 .  
5 1 .  
5 2 .  
5 3 .  
54 .  
5 5 .  
5 6 .  
57 .  
5 8 .  
5 9 .  
60. 

- 

* SUM: 
* 

Consider  f o r  t h e  sum o n l y  those  v a l u e s  w i t h i n  6 da  cf t h e  azximum val2e  obse rved .  
Lg = Sum/n: 
- 

11/60 Correct ion L 
eq 

Location Date Tine 
Wind Velocity mph. T m p e r a t g r e  O F .  Engineer  
Benarks 

Sketch site on reverse  s i d e  
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TABLE 5 

eq Corrections to EA to Obtain L 

n/60 Correction - dB 
. 8  to 1 
. 7  to . 8  
.6 to . 7  
. 5  to - 6  
- 4  to . 5  
. 3  to . 4  
- 2  to . 3  

< .2 

0 
1 
2 
3 
4 
5 
7 

10 

where n is the number of samples used 
in the calculation of EA 

- 
Leq = LA - correction 
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If the background ambient equivalent sound level 
is at least 10 decibels below the source equiva- 
lent sound level, the source equivalent sound level 
measurement requires no adjustment. 

If the background ambient equivalent sound level 
is 3 to 10 decibels below the source equivalent 
sound level, apply corrections to the source 
sound levels in accordance with Table 6. 

If the difference between the source L and the 
background ambient is 0 to 3 decibels,eqno deter- 
mination of the source equivalent sound level can 
be made. 

6.5.2 Mobile Sources 

The procedure, described below, can be used to measure 
the sound level of mobile sources which emit sounds of short dura- 
tion (e.g., aircraft overflights, train passbys, etc.). Short 
duration sounds from mobile sources exhibit many different sound 
level-time patterns. As a simplification, they can be described 
as one of three major types shown in Figure 19 and described below. 
This simplification does introduce a degree of error on the order 
of 1-2 dB for sources where the time pattern is neither triangular 
or rectangular, but something in between. 

Rectanqular time pattern - The sound level rises 
rapidly, maintains a maximum level for some time 
and then decreases rapidly. Experience has shown 
that sources which cycle on and off intermittently, 
and passbys of freight trains measured at distant 
locations exhibit this type of noise-time pattern. 

Triangular time pattern - The sound level rises at 
a constant rate from a background ambient sound level 
to a maximum sound level, and decreases to the back- 
ground ambient sound level. The times for the sound 
to increase and decrease are approximately equal. 
Short trains, off road vehicles, and aircraft over- 
flights typically exhibit this type of time-sound 
level pattern. 

Combination time pattern - As the name implies, 
this sound level-time pattern is a combination of 
a short duration of higher sound followed by a 
steady sound. The sound level rises rapidly from 
the background ambient sound level to a maximum and 
decreases to an intermediate level. The intermediate 
sound level is maintained for some time until it 
drops to the background ambient sound level. Mea- 
surements of freight train noise at locations close 
to the track often exhibit this sound level-time 
pattern. The triangular portion is caused by the 
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TABLE 6 

CORRECTION FACTORS FOR BACKGROUND AMBIENT SOUND LEVELS 

1 Lp/lO - 10Lo/10 Ls = 10 log,, [ l o  

Ls is s t a t i o n a r y  source sound l e v e l  c o n t r i b u t i o n  

Lp i s  measured sound leve l  w i t h  source opera t ing  

Lo i s  background sound l e v e l  w i t h  source no t  
opera t ing  

D i f fe rence between Subtract  values from 
L and Lo Lp t o  get  Ls P 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

* 
hc 
;?. 

3.0 
2.5 
2.0 
1.5 
1 .o 
1 .o 
0.5 
0.5 

jkCannot be determined. Background l e v e l s  
must be lower. 
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CATEGORY A RECTANGULAR 

T’T ti 1’ 

dB 

sec = 

n 

o m  
z 
3 

m u  

T I M E  

CATEGORY C C O M B I N A T I O N  

LT = dB 

LR = d B  

t 2  = sec 

T I M E  

CATEGORY B TRIANGULAR 

LT = dB 

t 2  = sec 

I 

a 

T I M E  

S k e t c h  s i t e  on r e v e r s e  s i d e  

F i g u r e  19. Mobi le  Sources Sound Level T i m e  Patterns/Data  Sheet 
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pass ing  o f  t h e  locomotive. The r e c t a n g u l a r  p o r t i o n  
i s  due t o  t h e  passage of f r e i g h t  c a r s .  

Rectangular  T i m e  P a t t e r n  

1. Set  t h e  sound level meter for  " f a s t "  response  
and t h e  A-weighting network. 

2 .  N o t e  t h e  maximum sound l e v e l  emi t t ed  by t h e  
source  (noted as LR) and t h e  t i m e  p e r i o d  ( t , )  
t h a t  t h e  source  produces t h i s  l e v e l  on a d a t a  
sheet. (F igure  19). 

3 .  Repeat t h e s e  measurements for  a number of sou rces  
( a t  l e a s t  f i v e ) .  

4 .  C a l c u l a t e  t h e  mean va lue  fo r  L and for  t, f r o m  R t h e s e  samples. 

T r i angu la r  T i m e  P a t t e r n  

1. S e t  t h e  sound l e v e l  m e t e r  for " f a s t "  response  
and t h e  A-weighting network. 

2 .  N o t e  t h e  maximum sound l e v e l  produced by t h e  
source  (noted as LT) and t h e  t i m e  r equ i r ed  for  
t h e  sound l e v e l  t o  decrease  1 0  d e c i b e l s  below 
this maximum l e v e l  ( t 2 / 2 ) .  I f  t h e  sound level 
does n o t  drop  1 0  d e c i b e l s ,  t h i s  technique  is n o t  
v a l i d .  Mul t ip ly  t h e  l a t t e r  va lue  by 2 and e n t e r  
these va lues  (LT and t2)  on a d a t a  s h e e t  
(F igu re  1 9 ) .  

3 .  Repeat t h e  measurements f o r  a number of sou rces  
( a t  l e a s t  f i v e ) .  

4 .  C a l c u l a t e  a mean va lue  for  LT and for tz f r o m  

Combination T ime  P a t t e r n  

1. Note t h e  fo l lowing  sound levels and t i m e  p e r i o d s  

t h e s e  samples. 

on a d a t a  s h e e t  (F igure  1 9 ) .  

LT - Maximum sound l e v e l  of t r i a n g u l a r  
p o r t i o n  of  t i m e  h i s t o r y ,  dB 

LR - Maximum sound l e v e l  of r e c t a n g u l a r  
p o r t i o n  of t i m e  h i s t o r y ,  d B  

t ,  - T i m e  t h a t  sound is a t  LR,  seconds 

tZ - Twice t h e  t i m e  f o r  sound t o  dec rease  
f r o m  t h e  LT t o  LR, seconds 

2 .  Repeat t h e  measurements fo r  a number of sou rces  
( a t  l ea s t  f i v e ) .  
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3 .  Calculate mean values for each of the 
variables. 

6.6 ANALYSIS OF DATA 

The equivalent sound level contribution of the source 
to the ambient sound level is evaluated from the data obtained 
from measurements described in Section 6.5 and data describing 
the operational characteristics of the source. 

6.6.1 Stationary Sources 

The following procedure is used to determine the equiv- 
alent sound level: 

1. Calculate the fraction of time over the period 
being studied that the source operates. Obser- 
vation of the sources over an extended period 
yields this information. The operator (plant 
superintendent, contractor, etc.) of the source 
may be able to supply pertinent data. 

2. Enter the fraction of time in Column B of 
Figure 20 in the row corresponding to the 
equivalent sound level for the source. 

3 .  Multiply the value in Column B by the value 
in Column C. Enter in Column D. 

4 .  Locate the rqsult in Column C. The corres- 
ponding value in Column A is the equivalent 
sound level contribution of the source. 

Note: An example of the use of this figure 
is presented in the section describ- 
ing "Existing/Traffic Sound Level 
Measurement Procedures". 

6.6.2 Mobile Sources 

6.6.2.1 Rectangular Time Pattern 

1. Multiply the number of occurrences per hour, n, 
by the mean duration F, (sec) , 
6.5.2). 

(see Section 

2. Locate the value on the nt, axis on the nomo- 
graph in Figure 21. 

3 .  Locate the mean maximum sound level on the LR 
axis. 

4 .  Connect these two points with a straight line. 
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A B C D 

RELATIVE RELATIVE TOTAL 
SOUND 
LEVEL 
dB - SOUND ENERGY SOUND ENERGY FRACTION ' 

100 X 100,000 I 

99 X 79,400 
98 X 63,100 P 

97 X 50,100 = 
9 K  Y 

89 X 7,940 P 

88 X 6,310 P 

a7 X 5,010 = 
1.6 Y I san = 
85 X 3,160 
04 X 2,510 i. 

83 X 2 , 000 - 
82 X 1,590 ¶ 

81 X 1,260 = 
80 X 1,000 = 
79 X 794 1 

78 X 631 = 
77 X 50 1 I 

76 X 398 ¶ 

7 5  Y 

74 X 251 I 

73 X 200 I _ _  

70 X 100 1 

69 X 79.4 

67 X 50.1 I 

66 X 39.8 = 
65 X 31.6 P 

64 X 25.1 - 
63 X 20.0 = 
62 X 15.9 - 
61 X 12.6 = 
60 X 10.0 * 
59 X 7.94 - 
58 X 6.31 = 
5 1  X 5.01 = 
56 X , 3.98 = 
55 X 3.16 = 
54 X 2.51 = 
53 X 2.00 1 

52 X 1.59 = 
51 X 1.26 = 
50 X 1.00 = 
49 x .794 = 
48 X .631 = 
47 X .so1 - 
46 X .398 = 
45 X .316 - 
44 X 251 = 

41 X .126 = 
40 X .loo = 
39 X -079 - 

F I GURE 20 .  SAMPLE EQU IVALENT SOUND LEVEL CONTR I BUT I ON 
WORKSHEET 
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5. 

6 . 6 . 2 . 2  

1. 

2. 

3.  

4 .  

5. 

6.6.2.3 

1. 

2. 

Read t h e  v a l u e  a t  which t h e  l i n e  intersects  
t h e  cen t ra l  axis (L,q). T h i s  i s  t h e  h o u r l y  
e q u i v a l e n t  sound level c o n t r i b u t i o n  of t h e  
s o u r c e .  

Tr iancru lar  Time P a t t e r n  

M u l t i p l y  t h e  number of-occurrences p e r  hour  
by t h e  mean d u r a t i o n ,  t, ( sec) ,  (see S e c t i o n  
6 . 5 . 2 ) .  

Locate t h i s  v a l u e  on the n t ,  a x i s  on t h e  
nomograph i n  F i g u r e  2 2 .  

Locate t h e  mean m a x i m u m  sound l e v e l  on t h e  
LT a x i s .  

Connect t h e s e  t w o  p o i n t s  w i t h  a s t r a i g h t  l i n e .  

Read t h e  v a l u e  a t  which t h e  l i n e  i n t e r s e c t s  
t h e  c e n t r a l  a x i s  (Le 1 .  T h i s  i s  t h e  h o u r 1  
e q u i v a l e n t  sound lev21 c o n t r i b u t i o n  o d  
source. 

Combination T i m e  P a t t e r n  

C a l c u l a t e  t h e  h o u r l y  e q u i v a l e n t  sound l e v e l  
c o n t r i b u t i o n s  of t h e  r e c t a n g u l a r  and t r i a n g u l a r  
p o r t i o n s  of t h e  sound source t i m e  p a t t e r n s  u s i n g  
t h e  t e c h n i q u e s  described i n  S e c t i o n s  6 . 6 . 2 . 1  and 
6.6.2.2.  For  t h e  t e c h n i q u e  d e s c r i b e d  i n  S e c t i o n  
6.6.2.2 t o  be v a l i d ,  LT-LR n u s t  be greater  t h a n  
7 d e c i b e l s .  I f  LT-LR i s  less t h a n  7 d e c i b e l s ,  
t h e  case r e d u c e s  t o  a r e c t a n g u l a r  t i m e  p a t t e r n  
w i t h  a maximum v a l u e  of LR.  

Combine t h e  t w o  h o u r l y  e q u i v a l e n t  sound leve l  
c o n t r i b u t i o n s  on a n  e n e r g y  basis u s i n g  F i g u r e  2 3  
t o  p r o v i d e  a n  h o u r l y  e q u i v a l e n t  sound level 
c o n t r i b u t i o n  f o r  t h e  s o u r c e .  
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- - 
Leq(h) = LR + 10log(ntl)  - 35.6 dBA 

100- 

90-- 

ao-- 

70- 

600-  

50-- 

40- 

90-- 

80-- 

70-- 

60-- 

SO-- 

40-- 

30-- 

20-- 

lo--  

LR = Maximum sound l e v e l  o f  source w i t h  rectangular  
time h i s t o r y ,  dB 

source, dB 
Leq = Hourly equivalent  sound l e v e l  cont r ibut ion  o f  

n = Number of  occurrences per  hour 
t l  = Duration i n  seconds per occurrence 

FIGURE 21. NOMOGRAPH FOR THE EQUIVALENT SOUND 
LEVEL OF A SOURCE WITH A RECTANGULAR 
TIME PATTERN 
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LT 
130- 

90-- 

80 

70-- 

60-- 

50-- 

40- 

-- 

90-- 

00-- 

70 -- 

60 -- 

50-- 

40-- 

30-- 

20-- 

1 o-- 

LT = Maximum sound l e v e l  o f  source w i t h  t r i a n g u l a r  

Leq = Hour ly  e q u i v a l e n t  sound l e v e l  c o n t r i b u t i o n  o f  
h i s t o r y ,  dB 

source,  dB 
n = Number o f  occurrences p e r  hour 
t2 = D u r a t i o n  i n  seconds p e r  occurrence 

FIGURE 22.  NOMOGRAPH FOR THE EQUIVALENT SOUND LEVEL OF 
A SOURCE WITH A TRIANGULAR TIME PATTERN 
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D i f f e r e n c e  i n  D e c i b e l s  between Two Levels Be ing  Added 

F i g u r e  23.  Chart f o r  Combining Hourly Average Sound Levels  
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7.0 

7.1 PURPOSE 

CONSTRUCTION EQUIPMENT NOISE MEASUREMENT PROCEDURE 

A procedure t h a t  can be used t o  measure t h e  n o i s e  o f  
i n d i v i d u a l  c o n s t r u c t i o n  equipment a t  a c o n s t r u c t i o n  s i te  is  
desc r ibed .  The procedure i s  designed t o  enab le  t h e s e  measure- 
ments t o  be made whi le  o t h e r  equipment is o p e r a t i n g  on t h e  s i te .  
T h e ' n o i s e  of i n d i v i d u a l  equipment and i t s  t i m e  of o p e r a t i o n  can 
be used t o  determine which equipment i s  t h e  major c o n t r i b u t o r  
t o  t h e  c o n s t r u c t i o n  n o i s e  a t  t h e  s i te .  

The b a s i s  of t h e  method i s  t h e  Soc ie ty  of Automotive 
Engineers  (SAE) Recommended Practice J88a ,  " E x t e r i o r  Sound Level 
Measurement Procedure of Powered Mobile Cons t ruc t ion  Equipment", 
and t h e  CAGI/PNEUROP T e s t  Code. 

7.2 INSTRUMENTATION 

The fo l lowing  equipment i s  r e q u i r e d  t o  c a r r y  o u t  t h e  
procedure:  

Sound L e v e l  Meter (Type 
Sound Level C a l i b r a t o r  
Wind Speed I n d i c a t o r  
S l i n g  Psychrometer 
Tachometer* 
Stopwatch 
Windscreen 
Data Shee t  
Tripod 
Microphone Cable 
Spare Batteries 

7 . 3  PERSONNEL 

The procedure desc r ibed  below can be accomplished by 
one person .  

7.4 TEST SITE 

Whenever p o s s i b l e ,  t h e  c o n s t r u c t i o n  equipment be ing  
tested should be  moved t o  a n  area a t  t h e  c o n s t r u c t i o n  s i t e  which 
is as f l a t ,  open, and f r e e  from l a r g e  r e f l e c t i n g  surfaces and 
o t h e r  n o i s e  sources  as p o s s i b l e .  S ince  ground s u r f a c e  condi- 
t i o n s  w i l l  vary from s i te  t o  s i t e  (i .e. ,  i t  may be "hard",  
c o n c r e t e  or  a s p h a l t ;  or  " s o f t " ,  g r a s s  o r  loose  s o i l ) ,  ground 
c o n d i t i o n s  should be a s ses sed  and c a r e f u l l y  no ted  on t h e  d a t a  
s h e e t .  

*Tachometers s h a l l  be compatible wi th  both two- and four-s t roke engines .  
An e lec t romechanica l  tachometer may be requ i r ed  for  ungoverned d i e s e l  
e n g i n e s .  

I 

I 

1 
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7.5 EQUIPMENT OPERATION 

S t a t i o n a r y  equipment (e .g . ,  pavement b r e a k e r s ,  a i r  
compressors,  c r a n e s ,  conc re t e  t r u c k s )  a r e  ope ra t ed  a t  load  and 
performance ( i . e . ,  r a t e d  engine speed,  f eed  o r  work ra te )  which 
a r e  t y p i c a l  of t h e i r  normal ope ra t ion .  

Mobile equipment (e .g . ,  g r a d e r s ,  s c r a p e r s ,  b u l l -  
dozers )  should be opera ted  i n  a s t a t i o n a r y  mode. 

1. Operate t h e  equipment w i t h  a l l  component d r i v e  
systems i n  n e u t r a l  through t h e  fo l lowing  c y c l e  
" l o w  i d l e  t o  maximum governed speed (h igh  i d l e  
a t  no load)  t o  l o w  i d l e "  as r a p i d l y  a s  p o s s i b l e .  
The engine must s t a b i l i z e  f o r  a t  least  1 0  seconds 
a t  maximum governed speed before r e t u r n i n g  t o  l o w  
i d l e .  

2 .  Operate  t h e  equipment a t  t h e  maximum governed 
speed i n  a s t a b i l i z e d  c o n d i t i o n  w i t h  a l l  
a u x i l i a r y  equipment o p e r a t i n g .  

Haul t r u c k s  and o t h e r  v e h i c l e s  whose normal o p e r a t i o n  
i s  on t h e  road should be tested us ing  t h e  v e h i c l e  n o i s e  emission 
measurement procedure (Chapter 4 . 0 ) .  

7 .6  MEASUREMENT PROCEDURE 

1. S e t  t h e  sound l e v e l  meter/microphone on a t r i p o d  
a t  a h e i g h t  of 1 .5  metres ?16 c m  ( 5  feet ? 6  i nches )  above t h e  
ground. 

2 .  Measurements are made a t  a p r e f e r r e d  d i s t a n c e  of 
15 metres +16 c m  (50 f e e t k 6  inches )  from an imaginary r e f e r e n c e  
s u r f a c e  forming t h e  smal les t  r e c t a n g u l a r  box which completely 
e n c l o s e s  t h e  equipment under t es t  (see F igure  2 4 ) .  

3 .  S e t  t h e  sound l e v e l  meter f o r  " s l o w "  response  and 
A-weighting. 

S e c t i o n  7.5. 
4 .  Operate  t h e  c o n s t r u c t i o n  equipment as o u t l i n e d  i n  

5. Measurements are made a t  fou r  or thogonal  l o c a t i o n s  
around t h e  equipment. 

6 .  T h e  f i n a l  r e p o r t e d  sound level  i s  t h e  h i g h e s t  of 
t h e  measured sound l e v e l s .  

7.  I f  t h e  background ambient sound levels are w i t h i n  
1 0  d e c i b e l s  of t h e  measured sound l e v e l s ,  e i t h e r  a d j u s t  t h e  
measured sound levels f o r  o t h e r  no i se  ( sec t ion  7 . 7 )  or r e p e a t  
t h e  measurements a t  a d i s t a n c e  less than  1 5  metres (50 feet)  
from t h e  equipment (Sec t ion  7 .7)  . 
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F i g u r e  24. Reference Surface for  C o n s t r u c t i o n  Equipment 

Note: Equipment shaded. 
Reference s u r f a c e  i n d i c a t e d  by broken 1 ines.  
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7.7 ADJUSTMENTS FOR HIGH AMBIENT NOISE CONDITIONS 

Measurements are valid when the background ambient 
A-weighted sound levels, which include wind noise and all 
sources other than the equipment under test, are more than 
10 decibels lower than the measured sound levels. Observe 
the background ambient sound level before and after each 
test. If these conditions are not met, two options exist: 

1. Measurements can be made at locations less 
than 15 metres (50 feet) from the equipment 
being studied. The distance should be selected 
so that background ambient sound levels are at 
least 10 decibels lower than the measured sound 
levels. Carefully note the distance used for 
the measurements. Table 7 can be used to adjust 
the measured sound levels to a standard 15-metre 
(50 feet) distance. If measurements are made at 
distances from the equipment less than twice the 
equipment major dimension, near field effects 
can result in questionable results. Therefore, 
this situation should be avoided. The following 
alternative can be used. 

2. Measurements of the source and of the background 
ambient sound levels are made at the 15-metre 
(50 feet) distance. Corrections are applied to 
the measured sound levels in accordance with 
Table 8 if the background ambient sound level 
is from 3 to 10 decibels below the measured sound 
level. If the background ambient sound level is 
0 to 3 decibels below the measured sound levels, 
measurements closer to the source should be made, 
being aware of the near field effects described 
in Option 1 above. 

7 . 8  USE OF THE MEASURED EQUIPMENT SOUND LEVELS 

Equipment sound level measurements can be used to 
predict construction site sound levels. This requires knowledge 
of each equipment's 

- sound level - work cycle 
- distance from receptor 

FHWA Document, "Spe'cial Report - Highway Construction Noise - 
Measurement, Prediction, and Yitigation", presents techniques 
for calculating construction site noise levels. 
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TABLE 7 

FDJUSTMENTS FOR MEAS'JREYZNTS MADE AT DISTANCES 
OTHER THAN 15 METRES 

Distance 
Metres Feet 

10 
11 
12 40 
13 
14 
15 50 
16 
1 7  
18 60 
19 
20 
21 70 
22 
23 
24 BO 
25 

Correction to be Added, d B  
Eard S i t e  Soft  Site 
- 

-3.5 
-2.5 
-2 
-1 
- .5 
0 
-5 

1 
1.5 
2 
2.5 
3 
3.5 
4 
4 
4.5 

-3.5 
-2.5 
-2 
-1 
- .5 

0 
. 5  

1 
1.5 
2 
3.0 
3.5 
4.0 
4.5 
5.0 
6.0 
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TABLE 8 

CORRECTION FACTORS FOR BACKGROUND AMBIENT SOUND LEVELS 

L s  i s  s t a t i o n a r y  source sound l e v e l  c o n t r i b u t i o n  

Lp i s  measured sound l e v e l  w i t h  source opera t ing  

Lo i s  background sound l e v e l  w i t h  source no t  
opera t ing  

D i f f e rence  between Subtract  values from 
L and Lo Lp t o  ge t  Ls P 

5 
6 
7 
8 
9 

10 

A 
* 
* 
3.0 
2.5 
2.0 
1.5 
1 .o 
1 .o 
0.5 
0.5 

*Cannot be determi ned. Background l e v e l s  
must be lower. 
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8.0 BUILDING NOISE REDUCTION MEASUREMENT PROCEDURES 

8.1 PURPOSE 

This section presents two techniques for measuring 
the noise reduction performance of building construction. In 
one technique, road traffic is used as a noise source. An 
alternate procedure utilizes a loudspeaker as a source when 
traffic noise levels are not sufficiently high (e.g., inside 
and outside of the structure, highway.noise must be at least 
10 dB above sound levels due to other sources). The values of 
noise reduction derived by the two methods may not always 
correspond to each other, due to different angular distribu- 
tions in the incident sound fields. 

These techniques reflect the latest thinking of the 
ISOand ASTM committees studying the subject regarding exterior 
microphone placement. In this, and other ways, tpese techniques 
will differ from previously recommended practices. 

8.2 INSTRUMENTATION 

The procedures require: 

- Sound Level Meter (Type 1) - 2 
- Sound Level Calibrator 
- Wind Speed Indicator 
- Sling Psychrometer (optional) 
- Tripods-2 
- Microphone Cables-2 (optional) 
- Data Sheets 
- Windscreens-2 

If an artificial sound source is used, the following additional 
equipement are required: 

- A power amplifier with sufficient power to produce 
A-weighted sound levels at least 10 decibels above 
background ambient sound levels at exterior and 
interior locations without clipping the wave forms. 

- A sound source. Acceptable choices are a tape 
recording or an electronically generated noise 
spectrum which is similar to typical traffic noise. 
This spectrum should be flat, from 31.5 H z  to 
500 Hz, and decrease at six decibels per octave 
from 500 H Z  to 4000 HZ (see Figure 2 5 j .  

"Insulation of Buildings Against Highway Noise", FHWA TS-77-202. 
1 
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8.3 

- One loudspeaker, enclosed except  for  i t s  
r ad ia t ing  sur face .  The loudspeaker 's  
d i r e c t i o n a l  c h a r a c t e r i s t i c s  should be s u c h  
t h a t  a 2000  Hz s igna l  measured a t  45 degrees  
from a perpendicular t o  t h e  face of t h e  
speaker is  no more than s i x  dec ibe l s  below 
the  l e v e l  measured a t  t h e  same d i s t a n c e  on 
the  perpendicular a x i s .  The loudspeaker 
should produce sound l e v e l s  a t  l e a s t  1 0  dec- 
ibe ls  above the  background ambient sound 
l e v e l s  ins ide  and ou t s ide  of t he  s t r u c t u r e  
being s tudied .  Commercial q u a l i t y  loud- 
speakers meeting these  s p e c i f i c a t i o n s  a r e  
readi ly  ava i l ab le .  Equipment s p e c i f i c a t i o n s  
should be c a r e f u l l y  examined t o  make 
c e r t a i n  t h a t  t h e  equipment is  properly 
chosen. 

- A 1 2 0  v o l t  A.C .  power supply may a l s o  be 
required.  

PERSONNEL 

The techniques requi re  two persons.  Wi th  t r a f f i c  
a s  a noise  source,  two simultaneous measurements a re  required 
( i n s i d e  and ou t s ide  of t h e  bui lding ) .  W i t h  an a r t i f i c i a l  
cons tan t  noise source,  one person makes the  measurements 
while t he  other  operates  t h e  ampl i f ica t ion  equipment. 

8.4 MEASUREMENT LOCATIONS 

8.4.1 T r a f f i c  Noise Source 

Measurements a re  made simultaneously in s ide  and 
ou t s ide  the  s t r u c t u r e .  

8 . 4 . 1 . 1  I n t e r i o r  Measurements 

Locate t h e  microphone a t  a po in t  i n  t he  room 
where people would be impacted by the  noise  (above t h e  
c h a i r ,  desk, or bed,  for  example). Do not p lace  t h e  micro- 
phone w i t h i n  1 metre ( 3 . 5  f e e t )  of a wall .  I t  i s  very 
important t o  make measurements i n  the  room i n  i t s  t y p i c a l l y  
furnished condi t ion .  Even s t i l l ,  l e v e l s  can vary from poin t  
t o  point  i n  t h e  room. I t  may be necessary t o  make measure- 
ments a t  s eve ra l  d i f f e r e n t  " s e n s i t i v e "  p o i n t s  i n  t h e  room 
and average t h e  resul. t ing noise  reduct ion.  I f  windows w i l l  

'. 
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be open during the  por t ions  of the year ,  t h e y  should be l e f t  
open for  t h e  t e s t  (c losed  window l e v e l s  may a l s o  be of 
i n t e r e s t ,  however, for  comparison purposes) .  

8.4.1.2. Exter ior  Measurements 

There a r e  th ree  poss ib le  p o s i t i o n s  f o r  t h e  
e x t e r i o r  microphone a s  shown i n  Figure 26. Each p o s i t i o n  
has i t s  advantages and disadvantages,  w i t h  i t s  l e v e l  being 
a f f e c t e d  d i f f e r e n t l y  by sound r e f l e c t i o n s .  The f i n a l  noise  
reduct ions,  however, a r e  genera l ly  comparable. P i c k  t h e  
p o s i t i o n s  b e s t  s u i t e d  t o  t h e  s i t e .  

Point  1: Two metres (6.6 f e e t )  from t h e  outermost 
por t ion  of t h e  wal l ,  a t  a point  opposi te  the  
middle of t he  wal l ,  a t  a he ight  of 1.5 metres.  
T h i s  set-up is e a s i l y  done, but  may experience 
sound wave in t e r f e rence  p a t t e r n s  and is  not 
recommended i'f t h e  bui lding is w i t h i n  7 .5  metres 
(25 f e e t )  of the road. 

Point  2 :  Direc t ly  touching the  wal l ,  without a 
windscreen, point ing up, a t  a he ight  of 1.5 metres. 
T h i s  s e tup  is somewhat t r i c k y  t o  do and would not 
be good on windy days. I t  is, however, t h e  most 
repeatable  regarding sound pressure buildup due t o  
r e f l e c t i o n s .  

Point 3 :  Three metres ( 1 0  f e e t )  from t h e  s i d e  of 
t h e  bu i ld ing ,  a t  t h e  same d i s t ance  from t h e  road 
a s  the  f r o n t  wal l ,  a t  a he ight  of 1.5 metres.  
T h i s  set-up m u s t  be c a r e f u l l y  done so  t h a t  t h e  
microphone is  not shielded from t h e  road by t h e  
bui lding or influenced by noise  sources  behind the  
bui lding.  

8.4.2 A r t i f i c i a l  Sound Source 

Measurements are made i n s i d e  t h e  s t r u c t u r e  and a t  an 
outdoor loca t ion  where r e f l e c t i o n s  cannot a f f e c t  measurements. 
The microphone should be loca ted  outdoors a t  an equiva len t  
d i s t ance  t o  t h e  a r t i f i c i a l  source as t h e  indoor microphone 
p o s i t i o n  (see Figure 2 7 ) .  

8.4.2.1 I n t e r i o r  Measurements 

Locate t h e  microphone a t  t h e  same p o s i t i o n  
or pos i t i ons  t h a t  were used fo r  t h e  t r a f f i c  no ise  
source (see Sec t ion  8.4.1.1) . 
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PROJECT DATE 
LO CAT I ON ENGINEER 

SKETCH OF MEASUREMENT LOCATION 

oTRAFFIC NOISE SOURCE o A R T I F I C I A L  N O I S E  SOURCE 

Exterior Microphone t o  R o a d  D i s t a n c e  (D,) 
Interior Microphone to  R o a d  D i s t a n c e  (D,) 

m e t r e s  
m e t r e s  

SLM #l 
CALIBRATOR #I 
MICROPHONE %1 
CALIBRATION 

~ 

d B ( p o s t  test) d B ( p o s t  test)  

S /N 
S /N- 
S/N* 
d B  (pretest ) 

SLM 82 
CALIBRATOR %2 
MICROPHONE #2 
C A L I  BRAT I O N  

S /N 
S/N 
S /N 
d B ( p r e t e s t )  

LOUDSPEAKER, S / N  A M P L I F I E R ,  S / N  
SOUND SOURCE, S/N ORIENTATION 

d B  - - L,q or L,, (exterior) d B  - 
U n c o r r e c t e d  R e f l e c t i o n  A d j .  C o r r e c t e d  

d B  

N o i s e  Reduction dB 

Leq or  L,, ( i n t e r io r )  - 

FIGURE 28. SAMPLE DATA SZIEET FOR BUILDING CONSTRUCTION 
NO ISE REDUCT ION 
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8 . 4 . 2 . 2  E x t e r i o r  Measurements 

T o  avoid outdoor measurements be ing  a f f e c t e d  by re- 
f l e c t i n g  s u r f a c e s ,  select a measurement l o c a t i o n  where t h e  
loudspeaker  and t h e  microphone can be arranged i n  t h e  same 
r e l a t ive  p o s i t i o n s  as  i n t e r i o r  measurements b u t  away f r o m  t h e  
b u i l d i n g  be ing  s t u d i e d  and o t h e r  r e f l e c t i v e  s u r f a c e s .  Other  
outdoor  environmental  f e a t u r e s  should be similar. 

The microphone should be l o c a t e d  a t  t h e  d i s t a n c e  and 
ang le  from t h e  loudspeaker corresponding t o  t h e  d i s t a n c e  and 
ang le  from t h e  loudspeaker a t  which t h e  i n t e r i o r  measurement 
p o s i t i o n  was loca ted .  (See Sec t ion  8 . 5 . 2  f o r  t h e  proper  
o r i e n t a t i o n  of  t h e  loudspeaker . )  

8 . 5  MEASUREMENT PROCEDURE 

8.5.1 T r a f f i c  N o i s e  Source 

1. Prepare a s k e t c h  of  t h e  s i te  on an a p p r o p r i a t e  
d a t a  s h e e t  (an example is g iven  i n  F igure  28). 

2. S e t  t h e  sound level  meter t o  ' ' s l o w "  response and 
A-weighting. 

3. Begin in te r ior  and e x t e r i o r  measurements simul- 
taneous ly .  

4 .  Sample t h e  sound l e v e l  a t  bo th  l o c a t i o n s  a t  t h e  
same t i m e  u s ing  one of t h e  techniques  desc r ibed  i n  "Exis t ing /  
T r a f f i c  Sound Level Measurement Procedures" (Chapter 3 . 0 ) .  

t h e  d a t a  s h e e t .  
5. Record t h e  i n t e r i o r  or e x t e r i o r  Leq or $0" on 

8 . 5 . 2  A r t i f i c i a l  Noise Source 

1. Prepare  a s k e t c h  of t h e  s i te  on an a p p r o p r i a t e  
d a t a  s h e e t .  

2. Locate the  loudspeaker so t h a t  t h e  fo l lowing  
requirements  are f u l f i l l e d .  The source  should be f a r  enough 
from t h e  w a l l  so t h a t  t h e  r a t io  of t h e  d i s t a n c e s  t o  n e a r e s t  and 
f a r t h e s t  p a r t s  of t h e  test s u r f a c e s  i s  no more t h a n  two-to-one 
(see F igure  2 7 ) .  The loudspeaker i s  l o c a t e d  so t h a t  t h e  a n g l e  
of  i nc idence  between t h e  normal from t h e  facade  mid-point and 
t h e  l i n e  j o i n i n g  t h e  source  t o  t h e  mid-point is 45 degrees  (see 
Figure  2 8 ) .  I f  c o n d i t i o n s  permi t  a d d i t i o n a l  measurements should 
be made a t  15 degrees ,  30 degrees ,  and 6 0  degrees ,  and t h e  
r e s u l t s  averaged. If one ang le  is  used, it should be 45 de- 
g rees .  

* Either L or Ll0 can be used, although L is  preferred. 
eq eq 
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3 .  At the indoor location, set the sound level meter 
to 'lslow" response and A-weighting. 

4 .  Measure the interior sound level. 

5. Move the loudspeaker and micropkone to the outdoor 
free field positions as described in Section 8.4.2.2. 

6. Measure the exterior sound level with the meter 
set to "slow" response and A-weighting. 

8.6 COMPUTATION PROCEDURE 

8.6.1 Traffic Noise Source 

1. For an exterior microphone at point 1 (2 metres 

NR = Exterior Level - Interior Level - 3 dBA 

from wall), compute the building noise reduction (NR) as 
follows: 

The 3 dBA adjustment is for the approximate doubling of 
sound intensity (I) occuring at point 1 from reflections 
off the wall (10 log (21/1))= 

2. For an exterior microphone at point 2 (against 

NR = Exterior Level - Interior Level - 5 dBA the wall) : 

Theoretically, the pressure of a sound wave doubles when 
it impacts against a hard surface. Doubling the sound 
pressure (p) increases the sound pressure level by 6dBA 
(20 l o g  (2p/p)). Practically, the increase is only about 
SdBA, which is the adjustment used here. 

3. For an exterior microphone at point 3 

NR = Exterior Level - Interior Level (dBA) (alongside the building) : 

8.6.2 Artificial Noise Source 

The difference in decibels between the indoor and out- 
door data acquired as described in Section 8 . 5 . 2  is the building 
noise reduction. 
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9.0 WORKER NOISE EXPOSURE MEASUREMENT PROCEDURES* 

9.1 PURPOSE 

The procedure presented below may be used to measure 
worker noise exposure. Toll plaza and tunnel employees, high- 
way maintenance and repair crews, highway inspectors, and 
laboratory personnel may be exposed to significantly high 
sound levels. Under Occupational Safety and Health Administra- 
tion (OSHA) regulations, a worker's noise exposure is limited 
to A-weighted sound levels of 90 dB for an eight-hour workday. 
A sound level-time tradeoff of five decibels for each halving 
of exposure time is incorporated in the law. The upper limit 
for allowable exposure is 115 decibels. In addition, exposure 
to impulsive or impact noise should n o t  exceed 140 dB peak sound 
pressure level. Table 1 presents the exposure-sound level 
relationship. 

When an individual is exposed to a variable sound 
level, the total noise exposure is computed as: 

where Ci is the time exposed to a sound level, and 

Ti is the total exposure time allowed for 
that sound level. 

If this sum, called the noise dose, exceeds one, the combined 
sound level exceeds the regulation limits. 

Two methods are presented for determining worker noise 
exposure. The recommended method is the use of personal noise 
dosimeters. A second method, using a sound level meter and time 
and motion studies, is also acceptable. 

9.2 NOISE DOSIMETERS 

A noise dosimeter is a small instrument which can be 
placed in a worker's shirt pocket. It has a microphone which 
can clip onto a shirt or fit on a helmet. There are no existing 
standards or regulations specifically for noise dosimeters.** 
The A-weighting netwook used in the dosimeter should meet the 
American National Standards Institute standards for sound level 
meters. Dosimeters compute the noise dose electronically. Most 
models also indicate whether the worker has been exposed to an 
A-weighted sound level in excess of 115 dB. 

* 
Sole ly  intended for  in-house use. N o t  intended for cont rac tor  personnel .  

**  
A proposed dosimeter s p e c i f i c a t i o n  ( A N S I  S1.25-197x1 has not  y e t  been 
adopted. 
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9.3 PROPER DOSIMETER USAGE 

The basic steps for conducting an audio dosimeter 
survey are reviewed below. Before the survey begins, the 
individual conducting the survey should read and understand, 
thoroughly the manufacturer's instruction manual. 

1. Check batteries and replace if necessary. 

2. Check dosimeter and microphone for damage, and 
replace if necessary. 

3 .  Calibrate the dosimeter before (and after) the 
survey. The instrument's instruction manual will normally 
specify the calibrator and procedure to use. 
procedure is specified, the dosimeter manufacturer should be 
requested to supply an accurate calibration procedure. 

If no calibration 

4 .  Caution the wearer against conditions which may 
invalidate dosimeter readings: 

a. The dosimeter must be' worn for the full 
eight-hour shift. 

b. The wearer should not talk into the 
microphone. 

c. The microphone should not be moved from 
its original position. 

5 .  Locate the microphone where it most accurately 
measures the sound levels experienced by the individual. In 
the case of work in an open area (free field situation) , the 
optimum microphone placement is on the subject's shoulder, 
parallel to the body axis. 
work area (reverberant field), the optimum location is the 
left breast pocket 90 degrees to the body axis. For typical 
indoor locations (semi-reverberant field), the optimum loca- 
tion id at the top of the shoulder oriented 90 degrees to the 
body axis. 

In a closed "acoustically hard" 

6. Place a windscreen on the microphone if measure- 
ments are made in an outdoor environment. 

7 .  Turn the instrument on. 

8. Periodically visit the persons wearing dosimeters 
to ensure that they are being used properly. 

9. Remove the dosimeter at the end of the 8-hour 
shift. 
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10. Read the dosimeter output to determine the ex- 
posure index. Note the results plus other pertinent informa- 
tion (e.g., name of employee, task, instrumentation, model 
and serial number). 

11. Recalibrate the dosimeter to determine measure- 
ment validity. 

If a worker remains in the same position during a 
workday, the dosimeter may be placed in the vicinity of the 
worker, instead of on his person. Care must be taken to pre- 
vent shielding of the microphone from noise sources by people, 
walls, or any other obstructions. 

9 . 4  TIME AND MOTION STUDIES 

An alternative to the use of dosimeters is worker 
time-motion studies* (log of worker activities during the day) 
and sound level measurements at worker stations used during 
the work shift. The employee is followed throughout the work- 
day and the sound level and time spent is measured at each 
location. The noise exposure is calculated using this informa- 
tion and Equation (1) for noise dose. 

A Type 1 sound level meter should be used for these 
measurements. It should be calibrated at intervals not to 
exceed two hours. Manufacturers' instructions should be 
followed for the proper use of the equipment. 

9 . 5  DATA I,GCCTHS 

Dosimeter-size measurement devices are now on the market 
that accumulate and store noise level exposure data in one- 
minute increments for an entire workday. At the end of the day, 
the data is read by a second device that then prints a record 
of the l-minute Leq's as well as cumulative values for Leq 
and OSfiA noise doses. 

*A Bibliography for time-motion studies is included 
in Appendix A .  
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APPENDIX B 

TECHNIQUES FOR DETERMINING PEOPLE'S PERCEPTION OF 
NOISE BARRIER EFFECTIVENESS* 

1. Introduction 

While the physical effectiveness of a noise barrier in 
,reducing traffic noise is important, a more meaningful 
measure of noise barrier performance is people's perception 
of how well it works. while it is obvious that perceptions 
will be influenced by the insertion l o s s  provided by the 
barrier, other factors appear to be equally important. 
Preliminary work has shown that perception of barrier 
effectiveness is influenced by such factors as: 

a. perception of the seriousness of the traffic noise 
problem before the barrier is built; 

b. the skill with which the State Highway Agency (SHA) 
dealt with the people in resolving the traffic noise 
pr ob lem ; 

c. the appearance of the barrier; and 

d. the view of the highway and its surroundings after the 
barrier is built. 

In some instances, barriers with excellent insertion losses 
have been rated as ineffective by the people protected by 
them. In other instances, barriers which provide little 
acoustic protection have been rated as very effective. 

Determination of perception of noise barrier effectiveness 
requires that people be surveyed. While routinely used 
procedures have n o t  yet been developed for surveying 
people's perception, some useful preliminary work has been 
done. This appendix provides general information on who and 
when to survey, two techniques f o r  conducting surveys, 
and example questionnaires. 

2 .  Who to Survey Probably the only meaningful way of 
evaluating people's perception of noise barrier effective- 
ness is to establish their perception of the noise impact 
before the barrier is built and to establish their 
perception of the noise impact again after the barrier is 
built. 

*This is reproduced, with minor editing, from Part I1 of 
Determination of Noise Barrier Effectiveness, FHWA Report 
No. FHWA-OEP/HEV-80-1, published in June 1980. 
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Consequently, the  survey s i t e  m u s t  be located on an e x i s t i n g  
highway and both "before" and " a f t e r "  surveys a r e  required.  

I f  the  ind iv idua l  responding t o  t h e  " a f t e r "  survey 
ques t ionnai re  is d i f f e r e n t  from t h e  ind iv idua l  responding t o  
t h e  "before"  survey ques t ionnai re ,  t he re  is l i ke l ihood  fo r  
considerable  e r r o r  i n  t h e  r e s u l t s .  For t h i s  reason, every 
poss ib l e  e f f o r t  should be made t o  assure  t h a t  t h e  same 
person who answered t h e  "before" ques t ionnai re  answers t h e  
" a f t e r "  ques t ionnai re .  

People who l i v e  in s ide  a zone t h a t  w i l l  receive an i n s e r t i o n  
loss of 3 d B A  or less should not be included i n  t h e  survey. 
T h i s  is because most people w i l l  have considerable  d i f f i c u l t y  
i n  perceiving noise  reduct ion of less than 3 d B A .  Even 
people who can perceive s u c h  a small change w i l l  probably 
f o r g e t  it. A person ' s  sound l e v e l  memory is  v e r y  sho r t .  
Regardless of the  boundaries s e l ec t ed  fo r  t he  survey, every 
e f f o r t  should be made t o  reach 1 0 0  percent  of t he  households 
i n  t h e  survey a rea .  T h i s  is because the  population pro tec ted  
by a noise  b a r r i e r  is usual ly  q u i t e  small .  T h i s  type of 
s i t u a t i o n  is  not well  s u i t e d  t o  s t a t i s t i c a l  sampling 
techniques.  

3 .  When t o  Survev 

I t  has a l ready  been ind ica ted  t h a t  demonstration of people ' s  
percept ion of noise  b a r r i e r  e f f ec t iveness  w i l l  r equ i r e  
"before" and " a f t e r "  surveys.  I f  t h e  survey is t o  be 
meaningful, t h e  percept ion of t h e  noise  b a r r i e r  e f f e c t i v e -  
n e s s  m u s t  be co r re l a t ed  w i t h  t he  measured phys ica l  i n s e r t i o n  
l o s s  of t h e  b a r r i e r .  T h i s  means t h a t  "before" and " a f t e r "  
no ise  l e v e l s  m u s t  be a v a i l a b l e  for  each s e t  of interviews.  

I n  a d d i t i o n ,  t h e  " a f t e r "  ques t ionnai re  m u s t  ob ta in  
information s u f f i c i e n t l y  s imi l a r  t o  t h e  "before" quest ion-  
n a i r e  s o  t h a t  r a t i o n a l  conclusions can be drawn. T h i s  w i l l  
probably r equ i r e  t h a t  t h e  " a f t e r "  survey be conducted a t  t h e  
same time of year a s  t h e  "before" survey t o  account f o r  any 
seasonal  a c t i v i t i e s  s u c h  a s  r ec rea t iona l  use of backyards. 

F i n a l l y ,  t he  " a f t e r "  survey should be conducted a s  soon a s  
poss ib l e  a f t e r  t he  b a r r i e r  is b u i l t .  T h i s  w i l l  minimize t h e  
reduct ion i n  sample s i z e  due t o  people moving. More impor- 
t a n t l y ,  i t  w i l l  help avoid d i s t o r t i o n s  due t o  a change w i t h  
t i m e  i n  people 's  percept ion of t he  mi t iga t ion  of t r a f f i c  
no i se  by t h e  noise  b a r r i e r .  
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4 .  Survey Techniques 

The FHWA has reviewed several questionnaires and the 
experiences of several S H A ' s  and others in determining 
people's perception of noise barrier effectiveness. Based 
upon this review, two survey techniques have been identified 
that appear to adequately address the issues--home/telephone 
interviews and mail interviews. Both techniques require the 
use of "before" and "after" questionnaires. 

a. Home/Telephone Interviews. Home/telephone interviews 
are more expensive to conduct than mail interviews. Further, 
home interviews require trained interviewers. With home/ 
telephone interviews, it is usually possible to correct 
misunderstood questions, an opportunity which is not available 
on mail-back questionnaires. In addition, home/telephone 
interviews have the capability of overcoming language and 
illiteracy barriers. The major advantage of home/telephone 
interviews is that they have a very high response rate. 

b. Mail Interviews. Since the person surveyed is not 
contacted directly, the choice of wording in the mail-back 
questionnaire is of extreme importance. The California 
Department of Transportation (CALTRANS) uses a mail-back 
questionnaire and has experienced a.response rate of about 
50 percent for the "before" barrier questionnaire. There is 
no response rate information from it on the "after" barrier 
questionnaire since it has not yet been used on a highway 
project. The major advantage of mail-back interviews is low 
cost. 

5 -  - Questionnaires 

TO give reliable results of people's perception, the "before" 
and "after" evaluations must be based upon structured question- 
naires. The use of structured questionnaires guarantees 
that each household will be asked the same questions. The 
following questionnaires were developed by CALTRANS and by 
Dr. F. L. Hall of McMaster University.* Although neither 
of the questionnaires has yet been tested, it appears that 
they contain the essential information. The questionnaires 
can be modified to meet the specific needs and conditions of 
one's own survey. The CALTRANS questionnaire was developed 
for use in mail interviews. Dr. Hall's questionnaire is to 
be used only for home/telephone interviews. 

I 

*McMaster University, Department of Civil Engineering 
1280 Main Street West, Hamilton, Ontario, Canada L8S 4L7. 
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3 .  How o f t e n  do you o r  members o f  y o u r  f a m i l y  use y o u r  y a r d  f o r  
r e l a x i n g  o r  p l a y i n g  d u r i n g  w a r m  wea the r?  

e v e r y  day 
s e v e r a l  t i m e s  a week 
once o r  t w i c e  a week 
l e s s  t h a n  once a week 

4. a. Have you r e g u l a r l y  been f o r c e d  t o ' c l o s e  y o u r  windows because 
o f  t r a f f i c  n o i s e ?  

Yes ' No 

b. [ I f  y e s : ]  How o f t e n  would you say t h i s  happens? 

once o r  t w i c e  a month 
once a week 
s e v e r a l  t i m e s  a week 
most  o f  t h e  t i m e  

5. What e f f e c t  do you t h i n k  t h e  n o i s e  b a r r i e r  has had on t h e  
t r a f f i c  n o i s e  you hear  w h i l e  you a r e  a t  home? 

c o n s i d e r a b l e  modera te  s l i g h t  no s l  l g h t  modera te  
r e d u c t i o n  r e d u c t i o n  r e d u c t i o n  e f f e c t  i n c r e a s e  i n c r e a s e  
i n  n o i s e  i n  n o i s e  i n  n o i s e  i n  n o i s e  i n  n o i s e  

c o n s i d e r a b l e  i 

i n c r e a s e  i n  
n o i s e  
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6. Y h a t  effect do you feel the barrier and its associated 
landscaping have had on the general appearance o f  this 
residential area? 

considerable moderate slight 
improvement improvement improvement 

no slight 
effect deter- 

iora ti on 

moderate considerable 
deter- deterioration 
iora t ion 

7. Are there any suggestions you have regarding noise barriers 
we may build in the future in other areas to improve their 
appearance or effectiveness? 

Thank you for your assistance. 
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Suggested Q u e s t i o n n a i r e  f o r  P o s t - C o n s t r u c t i o n  

Survey f o r  B a r r i e r  E f f e c t i v e n e s s *  

H e l l o .  I am from t h e  (;tate) Depar tment  o f  T r a n s p o r t a t i o n .  
L a s t  y e a r ,  we spoke t o  a person i n  y o u r  househo ld  about  problems 
t h a t  may be a f f e c t i n g  p e o p l e  who l i v e  near  h ighways.  The person 
we spoke t o  w a s  [ d e s c r i b e ,  f r o m  Q. 10 d a t a l -  - .  Is h e j s h e  
a v a i l a b l e ?  [ I f  t h e  aDDroDr ia te  person i s  n o t  a v a i l a b l e ,  t r y  
t o  f i n d  t h e  b e s t  t i m e ’ t o  c a l l  back when he/she w i l l  be a v a i i a b l e . ]  

Now t h a t  we have comple ted  o u r  work on t h e  p r o j e c t  i n  t h i s  
a rea ,  we would l i k e  t o  know how t h e  highway i s  a f f e c t i n g  p e o p l e  
here .  

1. Here i s  a l i s t  o f  p rob lems w h i c h  were men t ioned  i n  l a s t  
y e a r ’ s  su rvey .  P lease  r a t e  each of them w i t h  r e g a r d  t o  
how g r e a t  a p rob lem i t  i s  now f o r  you and y o u r  f a m i l y  w h i l e  
you a r e  a t  home. 

[Read q u e s t i o n  stem a t  l e f t ,  and each response as w r i t t e n . ]  

n o t  a a a moder- a m a j o r  an e x t r e m e l y  
p rob lem m i n o r  a t e  p rob lem Or bad p rob lem 
a t  a l l  p rob lem prob lem 

Is highway 
d u s t  and 
d i r t  

Is head- 
1 i g h t  
g l a r e  

Is l i t t e r  
f r o m  
v e h i c l e s  

* ! t e p r i n t e d  w i t h  p e r m i s s i o n  f r o m  D r .  F. L .  H a l l ,  Mcltlaster U n i v e r s i t y ,  
O n t a r i o ,  Canada 
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n o t  a 
p rob lem 
a t  a l l  

Is highway 
n o i s e  

Is v i b r a t f o n  
f r o m  t h e  
r o a d  

a m i n o r  a moder- a m a j o r  a n  
problem a t e  p rob lem ex  t reme 1 y 

p rob lem b a d  
p r o b l e m ?  

Are  fumes 
f r o m  t h e  
r o a d  

Are t h e r e  
any o t h e r  
r o a d - r e l a t e d  
Problems? 
Name? S e v e r i t y  

2. How o f t e n  does t h e  n o i s e  f r o m  t c e  r o a d  i n t e r r u p t  you d u r l n g  any 
o f  t h e  f o l l o w i n g  a c t i v i t i e s ?  

never  

c o n v e r s a t i o n  
i n d o o r s  - 
c o n v e r s a t i o n  
o u t d o o r s  

use o f  
t e l e p h o n e  

w a t c h i n g  
t e l  ev i s i  on 

r e l a x i n g  I 

i n d o o r s  

re1 ax I ng 
o u t d o o r s  

s l e e p i n g  

o n l y  s e v e r a l  
o c c a s i o n -  t i m e s  
a l l y  Per 

week 

s e v e r a l  
t i m e s  
Per 
day 

a l m o s t  a l l  
t h e  
t i m e  
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never o n l y  s e v e r a l  s e v e r a l  a l m o s t  
o c c a s i o n -  times times a l l  t h e  
a1 l y  per week per day time 

r e l a x i n g  
o u t d o o r s  

s l e e p i n g  

4 .  How o f t e n  do you o r  members of  your  f a m i l y  use your  y a r d  f o r  
r e l a x i n g  o r  p l a y i n g  d u r i n g  warm w e a t h e r ?  

e v e r y  day 
s e v e r a l  times a week 
once  o r  t w i c e  a week 
l e s s  t h a n  once  a week 

5 .  a .  Have you r e g u l a r l y  been f o r c e d  t o  c l o s e  your  windows because  
o f  t r a f f i c  n o i s e ?  

Yes No 

b. [ I f  y e s : ]  How o f t e n  would you s a y  t h i s  happens? 

once  o r  t w i c e  a month 
once  a week 
s e v e r a l  times a week 
most o f  t he  t ime  

6.  Have you made any  m o d i f i c a t i o n s  t o  your  house o r  y a r d  because  of t h e  

7 .  Are there  any  o t h e r  problems a s s o c i a t e d  w i t h  l i v i n g  n e a r  t h e  highway 

t r a f f i c  n o i s e ?  Yes No [ I f  y e s : ]  What? 

which you would l i k e  t o  men t ion?  Yes No 

[List r e s p o n s e s ]  
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8. How l o n g  have you l i v e d  a t  t h i s  address? 
9. Would you o r  o t h e r  members o f  y o u r  househord b e i n t e r e s t e d  

i n  a t t e n d i n g  a p u b l i c  m e e t i n g  abou t  p o s s i b l e  s o l u t i o n s  t o  
some o f  t h e  prob lems ment ioned e a r l i e r ?  Yes No 

c o n t a c t i n g  you, p e r s o n a l l y ,  f o r  a p o s s i b l e  f o l l o w - u p  
survey .  

10. And now, a few q u e s t i o n s  abou t  y o u r s e l f  t o  a s m u s  I n  

[ I f  name i s  o f f e r e d  b y  responden t  a t  t h i s  p o i n t ,  w r i t e  i t  
down, and do n o t  ask r e m a i n i n g  i t e m s . ]  

a. Sex [do n o t  ask ]  male female 
b. How o l d  a r e  you? y e a r s  
c.  Yhat I s  y o u r  ma in  o c c u p a t i o n  ( t h a t  i s ,  what s o r t  o f  w o r k  

do you do)?  

Thank you f o r  y o u r  a s s i s t a n c e .  
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Suggested Q u e s t i o n n a i r e  f o r  P r e - C o n s t r u c t i o n  Survey 
f o r  B a r r i e r  E f f e c t i v e n e s s *  

H e l l o .  I am f rom t h e  ( S t a t e )  Depar tment  o f  T r a n s p o r t a t i o n ,  
w h i c h  i s  concerned abou t  p-ms t h a t  may be a f f e c t i n g  peop le  
such as y o u r s e l f  who l i v e  nea r  t o  m a j o r  h ighways.  We a r e  a c t i v e l y  
c o n s i d e r i n g  s o l u t i o n s  ' t o  some o f  t h e  prob lems i n  your  ne ighborhood.  
We wou ld  v e r y  much a p p r e c i a t e  a few m i n u t e s  o f  y o u r  t i m e  t o  answer 
t h e  f o l l o w i n g  q u e s t i o n s .  

1. What a r e  t h e  most i m p o r t a n t  t h i n g s  you d i s l i k e  abou t  l i v i n g  
i n  t h i s  a r e a ?  

[ N o t e s  t o  i n t e r v i e w e r :  w r i t e  down t h e  e x a c t  t h i n g ( s )  s a i d ,  
f o r  l a t e r  c o d i n g .  Probe s l i g h t l y :  "Is t h e r e  a n y t h i n g  e l s e  
wh ich  you d i s l i k e ? "  Focus on t h e  r e s i d e n t i a l  env i ronmen t  
o f  a few s u r r o u n d i n g  b l o c k s . ]  [Whether o r  n o t  r o a d - r e l a t e d  
prob lems a r e  ment ioned,  use  t h e  f o l l o w i n g  t r a n s i t i o n  phrase 
t o  move t o  t h e  n e x t  q u e s t i o n : ]  

The Depar tment  o f  T r a n s p o r t a t i o n  i s  p a r t i c u l a r l y  i n t e r e s t e d  
i n  t h i n g s  you d i s l i k e  wh ich  may be r e l a t e d  t o  l i v ' i n g  near  
a h ighway.  

2 .  Here i s  a l i s t  o f  p rob lems w h i c h  o t h e r  p e o p l e  have ment ioned.  
P lease  r a t e  each o f  them w i t h  r e g a r d  t o  how g r e a t  a p rob lem 
i t  i s  f o r  you and your f a m i l y  w h i l e  you a r e  a t  home. [Read 
q u e s t i o n  stem a t  l e f t ,  and each response as w r i t t e n . !  

* R e p r i n t e d  w i t h  p e r m i s s i o n  f r o m  D r .  F .  L. H a l l ,  McMaster U n i v e r s i t y ,  
O n t a r i o ,  Canada 

97 



n o t  a a m i n o r  a m o d e r a t e  a ma jo r  an  e x t r e m e l !  
p r o b l e m  p r o b l e m  p r o b l e m  p r o b l e m  b a d  
a t  a l l  p r o b l e m  

Is h ighway  d u s t  
and d i r t  

Is head1 i g h t  
g l a r e  

Is l i t t e r  
f r o m  v e h i c l e s  

Is h ighway  n o i s e  

Is v i b r a t i o n  
f r o m  t h e  r o a d  

A r e  fumes f r o m  
t h e  r o a d  

A r e  t h e r e  any  
o t h e r  r o a d -  
r e l a t e d  
p r o b l e m s ?  

Name? S e v e r i t y ?  

3 .  How o f t e n  does t h e  n o i s e  f rom t h e  r o a d  i n t e r r u p t  y o u  d u r i n g  any  o f  
t h e  f o l l o w i n g  a c t i v l t l e s ?  

n e v e r  o n l y  s e v e r a l  
o c c a s i o n -  t i m e s  
a1 l y  p e r  week 

- c o n v e r s a t i o n  i n d o o r s  
c o n v e r s a t i o n  o u t d o o r s  
u s e  o f  t e l e o l r o n e  
w a t c h i n g  TV 

- - 
r e l a x i n g  i n d o o r s  - 

s e v e r a l  a l m o s t  
t i m e s  a l l  t h e  
p e r  day  t i m e  
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C a l i f o r n i a  D e p a r t m e n t  o f  T r a n s p o r t a t i o n  
T r a n s p o r t a t i o n  L a b o r a t o r y  

Q U E S T I O N N A I R E  

I- 
1. Has the noise i n  your neighborhood environment changed since the freeway 

noise b a r r i e r  was b u i l t ?  

Dmuch  less noise O l e s s  noise same O n o i  s i  e r  

2. Has your awareness or n o t i c e  of the freeway noise changed since the noise 
b a r r i e r  was b u i l t ?  

0 same Osomewhat l ess  aware mmuch less  aware 

3. Check those items which may have improved since the b u i l d i n g  o f  the ba r r i e r .  

O s l e e p  Oease o f  conversation n u s e  of TV/stereo/radio 

muse o f  telephone 0 readi  ng m u s e  of yard 0 re1 axation 

0 general peaceful ness other  

4. 

5. 

6. 

Now that  a noise b a r r i e r  has been erected, how do you rank the annoyance of 
t he  fo l lowing freeway features? (Put i n  numerical order w i t h  1 being most 
annoying . ) 

a i r  p o l l u t i o n  t o t a l  t r a f f i c  noise congestion t r u c k  noise - 
- accidents dus t / d  i rt other  

How do you rank the annoyance o f  the fo l l ow ing  environmental noises now t h a t  
t he re  i s  a b a r r i e r ?  

- neighborhood noises (chi ldren, stereos, dogs, lawnmowers, etc.) 

a i  r p l  anes freeway noise s i rens  c i t y  s t r e e t  noise 

(Put i n  n u m e r i c a l  order w i th  1 being most  annoying.) 

- 
- i ndus tri a1 

Which best describes your neighborhood now? 

other. 

O v e r y  q u i e t  O q u i e t  O a  l i t t l e  noisy O n o i s y  O v e r y  no isy 

*After Noise B a r r i e r  Construction Quest ionnaln 
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7. 

a. 

9. 

Do you f i n d  the b a r r i e r  acceptable i n  appearance? 

o v e r y  acceptable 0 O.K. 0 no 

I f  not, why? 

Has the b a r r i e r  met your expectations i n  improving the neighborhood? 

0 yes 0 no 0 undecided 

I f  not, i n  what way? 

Do the advantages of the b a r r i e r  outweigh the  disadvantages? 

c) yes 0 no 

10. 

11. 

12. 

How do you f e e l  about the b a r r i e r  ove ra l l ?  

O d i s l  i k e  O l i k e  0 ne i t h e r  ( neu t r a  1 ) 

Did you respond t o  the questionnaire sent before the b a r r i e r  was constructed? 

0 yes 0 no 

0 the r comnen t s 

NOTE: If you need more I n f o r m a t i o n  o r  c l a r i f i c a t i o n  o f  q u e s t i o n s ,  
p l e a s e  c a l l  ( 9 1 6 )  739-2400 c o l l e c t ,  and ask  f o r  
M r .  Mas Hatano o r  l e a v e  a message f o r  h i m .  
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CALIFORllA OEPARTMElT OF T R A l f P O R T A l l O M  
T r a r r p o r t a t l o n  Laboratory 

QUEStlOllAIRE 
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STATE Of CALIFORNIA-BUSINESS AND TRANSPORTATION AGENCY LDMUND G BROWN J I  , Cowomor _________ 
DEPARTMENT OF TRANSPORTATION 
DIVISION OF STRUCTURES AND ENGINEERING SERVICES 
OfIiCE Or TIANSCOIIA~ION LAIORATOIY 
5WO FOLSOM BLVD. P O  K ) X  191N 
SACRAMENTO. CA @uIo 

* Dear R e s i d e n t :  

P r i o r  t o  t h e  e r e c t i o n  o f  t h e  C a l t r a n s  n o i s e  b a r r i e r  
a l o n g  Highway 17,  you and o t h e r  r e s i d e n t s  i n  t h e  f i r s t  
f o u r  rows o f  homes a d j a c e n t  t o  t h e  f r e e w a y  were asked 
t o  r e s p o n d  t o  a q u e s t i o n n a i r e  r e g a r d i n g  n e i g h b o r h o o d  
n o i s e  c o n d i t i o n s .  Now t h a t  t h e  n o i s e  b a r r i e r  i s  
c o n s t r u c t e d ,  we would l i k e  t o  e v a l u a t e  i t s  e f f e c t i v e n e s s .  
T h a t  i s  why we a l s o  need y o u r  response  t o  t h e  a t t a c h e d  
f o l l o w - u p  q u e s t i o n n a i r e .  

T h i s  questionnaire s h o u l d  be f i l l e d  o u t  b y  t h e  same 
p e r s o n  who f i l l e d  o u t  t h e  f i r s t  q u e s t i o n n a i r e .  

Your c o o p e r a t i o n  I s  g r e a t l y  a p p r e c i a t e d .  

Very t r u l y  y o u r s ,  

NEAL ANDERSEN, P.E. 
C h i e f ,  O f f i c e  o f  T r a n s p o r t a t i o n  l a b o r a t o r y  

A t t a c h m e n t  

+Letter t o  Resf dent After Noise E a r r l e r  Construction 
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STATE OF CALIFORNIA-BUSINESS A N D  T R A N S M A T I O N  A O R m  DMUND t. MOWN JR., Governor 

DEPARTMENT OF TRANSPORTATION 
DIVISION OF STRUCTURES AND ENGINEERING SERVICES 
OFFICE OF TRANSPORTATION UK)RATORY 
P,O. B O X  19110 
U C R W W I O ,  CA -19 

Dear  Res i d e n t  : * 
The C a l i f o r n i a  Depar tmen t  o f  T r a n s p o r t a t i o n  ( C a l t r a n s )  i s  
r e s p o n s i b l e  f o r  p r o v i d i n g  e f f e c t i v e  t r a n s p o r t a t i o n  f a c i l i t i e s  
i n  t h e  S t a t e .  Our  g o a l  i s  t o  do s o  i n  harmony w i t h  t h e  e n v i r o n -  
m e n t a l  a n d  s o c i a l  o u t l o o k s  o f  t h e  p e o p l e .  To  a c c o m p l i s h  t h i s ,  
we have  t o  know how t h e s e  o u t l o o k s  v a r y  w i t h  each  commun i t y .  
T h a t ' s  t h e  p u r p o s e  o f  t h i s  l e t t e r  t o  y o u  and t h e  e n c l o s e d  
q u e s t i o n n a i r e .  

To a c h i e v e  o u r  g o a l ,  we need t o  r e c e i v e  i n f o r m a t i o n  f rom y o u  
as  w e l l  a s  o t h e r s .  I t  i s  i m p o r t a n t  t o  us t o  have our p e r s o n a l  

g u i d e  i t  i s  f o r  p l a n n i n g  and c a r r y i n g  o u t  t r a n s p o r t a t i o n  p r o j e c t s  
i n  y o u r  communi ty  i n  a way t h a t  w i l l  s a t i s f y  y o u  and y o u r  
n e i g h b o r s .  

We r e a l i z e  t h a t  one h u n d r e d  p e r  c e n t  s a t i s f a c t i o n  f o r  a l l  c i t i -  
zens  i s  u n l i k e l y  because p e o p l e  do have  d i f f e r e n t  o u t l o o k s .  
T h i s  i s  a n o t h e r  r e a s o n  i t  i s  s o  i m p o r t a n t  t o  r e c e i v e  y o u r  p e r -  
s o n a l  r e s p o n s e .  We w o u l d  l i k e  t o  p r o v i d e  a r e s u l t  t h a t  f i t s  
as  w e l l  a s  p o s s i b l e  w i t h  e v e r y o n e ' s  e x p r e s s i o n s  o f  f a c t ,  j u d g -  
men t  and  o p i n i o n .  Your c o o p e r a t i o n  i s  r e s p e c t f u l l y  s o l i c i t e d  
and  u r g e d .  

r e s p o n s e  because  t h e  more i n f o r m a t i o n  we r e c e i v e ,  k- t e b e t t e r  

We w o u l d  l i k e  t h e  q u e s t i o n n a i r e  t o  be  f i l l e d  o u t  by t h e  head 
o r  heads o f  y o u r  h o u s e h o l d .  I t e m s  S n c l u d e d  r e l a t e  t o  f a m i l y  
h i s t o r y ,  e n v i r o n m e n t ,  a c t i v i t i e s  and no rma l  l i v i n g  h a b i t s ,  We 
found  i n  o t h e r  s t u d i e s  t h a t  h a v i n g  some i n f o r m a t i o n  on p e o p l e ' s  
b a c k g r o u n d s  makes t h e  a n a l y s i s  and u n d e r s t a n d i n g  o f  t h e  p r e f e r e n c e s  
and  e x p e c t a t i o n s  t h e y  e x p r e s s  more r e l i a b l e .  R e l i a b i l i t y  i s  i m -  
p o r t a n t  because  a l l  t h e  i n f o r m a t i o n  we r e c e i v e  w i l l  be a n a l y z e d  
a n d  r e f l e c t e d  i n  o u r  f u t u r e  p r o j e c t s .  

Some q u e s t i o n s  a s k  f o r  y o u r  j u d g m e n t  o r  o p i n i o n ,  w h i l e  o t h e r s  
s i m p l y  c a l l  f o r  r e c o r d i n g  o f  f a c t s .  Mos t  q u e s t i o n s  r e q u i r e  o n l y  
a c h e c k  i n  t h e  box  w h i c h  f i t s  your answer b e s t ;  a f e w  q u e s t i o n s  
may b e  c h e c k e d  I n  more  t h a n  one  b o x ;  and a few  o t h e r s  r e q u i r e  
a s h o r t  answer.  I t ' s  b e t t e r  i f  r e s p o n s e s  can  r e p r e s e n t  t h e  w h o l e  

Y e t t e r  t o  Resident Before Noise B a r r i e r  Construction 
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f a m i l y ' s  v iews,  I f  p o s s i b l e .  

We emphasize t h a t  y o u r  response t o  t h i s  q u e s t i o n n a i r e  wi l l  n o t  
have any b e a r i n g  on t h e  n o i s e  b a r r i e r  t o  be  c o n s t r u c t e d  i n  
y o u r  a rea .  A s  a r e s u l t  o f  unanimous community suppor t ,  d e s i g n  
o f  t h e  b a r r i e r  p r o j e c t  Is n e a r i n g  c o m p l e t i o n  and c o n s t r u c t i o n  
s h o u l d  b e g i n  by l a t e  Summer o f  1979. 

Ye w i l l  h o l d  y o u r  responses anonymous and t r e a t  them c o n f i d e n t -  
l a l l y  i n  e v e r y  r e s p e c t .  

I n  case you f ee l  t h e  need f o r  more i n f o r m a t i o n  o r  c l a r i f i c a t i o n ,  
p l e a s e  c a l l  Mas Hatano ( 9 1 6 - 4 4 4 - 4 8 0 0 ) .  c o l l e c t .  

We w i l l  d e e p l y  a p p r e c i a t e  y o u r  e a r l y  response. 

V e r y  t r u l y  y o u r s ,  

N E A L  A N D E R S E N ,  P . E .  
Ch ie f ,  O f f i c e  o f  T r a n s p o r t a t i o n  L a b o r a t o r y  

g B r a n c h  
E a r l  S h i r l e y ,  P . E .  
C h i e f ,  Env i ro-Chemi 

P.S. If you  wou ld  l i k e  t o  have a summary o f  t h e  f i n d i n g s  from 
y o u r  communi ty 's  responses,  p l e a s e  i n d i c a t e  t h i s  a t  t h e  
end o f  t h e  q u e s t i o n n a i r e .  
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U.S. DEPRRTtlENT OF TRRNSPORTATION 
FEDERAL HIOHWAY AOtl lNISfRRTION 

REOION 15 

N O I S E  MERSUREMENT 
D R T R  SHEET 

NAME : DATE 
PROJECT 8 T I M E :  
S I T E :  START 

END 

RESULTS;  L10 -+-  - - LSO LEQ nau i o  UIEI 
lalxtso i = ~  v1614dol c 

FILL IN OTHER 6IOE TOTAL 



I EQUIPMENT: HETER C A L I B R A T O R  
I CALIBRRTION: STRRT OB END OB 

RESPONSE# - FRST - SLOW -A-WEIGHTING -BATT€RY CHECK 
WEFlTHER DFlTfl 

I T E  SKETCH 

MAJOR SOURCES 
UNUSURL EVENTS 
OTHER NOTES 
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